
ASIA



CORNELL
UNIVERSITY
LIBRARY

THE

CHARLES WILLIAM WASON
COLLECTION ON CHINA

AND THE CHINESE



Cornell University Library

QC 948.B49 1902

The hurricanes of the Far East /

3 1924 024 041 927



W^ Cornell University

WB Library

The original of tiiis book is in

tine Cornell University Library.

There are no known copyright restrictions in

the United States on the use of the text.

http://www.archive.org/details/cu31924024041927



THE HURRICANES

OF THE FAR EAST.

BY

PROF. DR. PAUL BERGHOLZ.

ENGLISH TRANSLATION REVISED

BY

DR. ROBERT H. SCOTT F. R. S.

WITH 31 LITHOGRAPHIC PLATES AND MAPS, 33 TABLES AND
7 ILLUSTRATIONS IN TEXT.

-S^>-S^3§-

BREMEN & SHANGHAI: MAX NOSSLER.
AGENTS FOR ENGLAND:

JAMES IMRAY & SON, LTD.
AND

NORIE & WILSON,
PUPLISHERS OF CHARTS AND NAUTICAL WORKS,

156, MINORIES, LONDON.



All Rights Reserved.



Preface.

1 he prophetic words of our Emperor, "Our future lies on

the Ocean" have not yet attained their complete fulfilment,

but that fulfilment has made great advances, owing to the

constant augmentation of our Merchant Na^-y. The con-

tinued increase in the number of our ships is specially evinced

by our trade with Eastern Asia, and in the waters which

wash its shores.

This is most clearly proved by the fact that the two

greatest Steamship Companies of Germany, "The Nord-

deutsche Lloyd" and the "Hamburg American Packet Com-

pany", have quite recently established a fortnightly service in

those waters. We trust therefore that we have been fully

justified in bringing out a book dealing with the Hurricanes

of the "Far East", those deadly enemies of the saildi*.

The importance of the subject is so great that many

"works on tropical cyclones have been jpiiblished, ' and

more especially may it be said that there is no lack of

monographs of such storms. In the preparation of these

publications the observatories of Zikawei (Shanghai) and Manila

have taken the most active part, have collected the valuable

observational records relating to the storms and have worked

these up. These books, to which should be added the excellent

pubUcations emanating from Tokio and Hongkong, furnish us

with valuable material for further work, and we have made
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as free use of them as was possible in the following pages.

As for comprehensive works on the Hurricanes of the Tropics

we should mention particularly the writings of Vinez, ^) Ehot

and Doberck, and the Sailing Directions of the Deutsche See-

warte.

Even more full than Doberck's work, which refers

specially to our district, is the book which, was brought out

in 1897 by Padre Jose Algiie, Baguios 6 ciclones Filipinos,.

which we have taken for the basis of the present volume.

According his title the author would appear to have

confined his remarks to the seas surrounding the Philippine

group, but as a fact he gives much more, he treats of the

Tropical Cyclones of the whole region. Algu6 especially relies

on the works of Vines and Faura, who managed respecti-

vely the observatories of the Havannah and of Manila, and

these have also led the present author to his familiarity with

the observations of the Tropical Cyclones.

Algue remarks in his book that it is scarcely possible

for an atmospheric disturbance to develop itself over the

waters of Eastern Asia without producing some signs of its

presence in the Philippines. That Archipelago is therefore

the centre for the observation and study of the storms of the

"Far East". For many years past Algue has taken a leading

part ui this observation and study, and so, owing to his

thorough familiarity with Tropical Hurricanes, he has been

especialy qualified to sift out the important from the less im-

') Vinez Invealigaciones relatival a la circuladon y Translacwn cichmiea

en bs Huracanes de las Antillas, Havana 1895. German translation, Bergholz,

Die Orkane der Antillen, Marine Rundschau vol IX parts 11 and 12.

Eliot, Handbook of cyclonic storms in the Bay of Bengal, for the

use of Sailors, Calcutta 1890.

Doberck, The Law of storms in Eastern Seas. Hongkong 1898.



portant features, and to weld the isolated observations into a

compendious whole.

In the present book we have consulted not only Algue's

work but also the literature, both old and modern, in so far

as we have been able to gain access to it. If the matter

only required translation, we have, if possible, gone back to

the fountain heads, the original publications.

Besides the cuts given in the text, the book is illustrated

by 30 plates, which have, for the most part been borrowed

from Algues work, but some of them have been taken from

the pamphlet recently published at Manila by Algue, "The

Barocyclonometer", and from the Boletin Mensual de Manila

1894. A few have been drawn by the author.

We must not omit to express our thanks to our publisher

for the beautiful way in which the book has been printed

and the ' excellent manner in which it has been turned out.

We must further state our acknowledgments to the obser-

vatories in Eastern Asia for the readiness with which they

have placed their results and their publications at our disposal.

We must only hope that our work may tender to

the seaman some useful advice in his hour of danger, and

may induce the scientific meteorologist to devote some atten-

tion to the difficult subject of these storms, their genesis and

history.

Meteorological Observatory in Bremen, December 1899.

Paul Bergholz.
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It has been an occupation of much interest to me to

revise the translation of Dr. Bergholz's "Orkane des fernen

Ostens" in the hope of rendering it more acceptable to those

who are unable to consult the book in its original language.

I have every confidence that the work will meet with

extensive demand among the many skilled seamen who

frequent the Eastern Seas.

The English Edition contains a chapter on the "Winter

storms or Land storms", which has been added to the German

Edition, and which will prove of great interest.

London, October 1901.

Robert H. Scott.
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First Section.

(jLeneFal J^emarks.

First Chapter:

The Cyclone.

Definition. A cyclone is a vast whirl of aerial currents

round a comparatively small and centrally situated region of

calm, known as the centre or "vortex."

Cyclonic rotation. In the Northern Hemisphere the

aerial currents rotate around the calm space, the centre,

in a direction contrary to that of the hands of a watch, or

from East through North and West to South, and in the

Southern Hemisphere in the same direction as the hands ot

a watch, or from East through South and "West through

North.

Progressive motion. In addition to this rotation

cyclones have for the most part a progressive motion which

finds an expression in their track; in the lower latitudes

its direction is towards the west, but in the higher ones

towards the east.

Semicircles of cyclones. Plate 1 gives a horizontal

section of a cyclone, the arrow A ^ B i indicates the direction

of its course, the diameter EW divides the cyclone into a

right hand and a left hand semicircle. The diameter NS is

perpendicular to EW, and divides the cyclone into an anterior

and posterior semicircle.

The right hand semicircle has often been designated as the

more dangerous one, the left hand semicircle as the navigable

one; in the first-named the direction of the track, generally

speaking, is towards the du"ection of the wind; in the second,

however, the direction of the wind is contrary to the track.

1



The first quadrant of a cyclone lies at the front to the

right, the second at the rear to the right, the third at

the rear to the left, and the fourth at the front to the left.

Form of the cyclone. In order to give a hetter idea, the

cyclone has heen drawn in the horizontal section as circular,

however, it but seldom takes this form; its nucleus taking

on the contrary, often an elliptic form; and if so, the wliole

cyclone takes this form afterwards. The latter depends on

the local conditions of the regions over which the cyclone

travels.

Centre. The centre around which the circular motion

of the wind takes place has to be distinguished from the

barometric or isobaric centre; should the centre be mentioned

only, then the first-named is meant.

Isobars. Gradients. The isobars are lines on a chart

which connect the points of equal atmospheric pressure.

They seldom encircle the barometric centre, the place

of the lowest pressure, regularly and symmetrically ; they

prefer to adopt the form of the nucleus, especially in the

interior part of the cyclone.

A barometric gradient is the difference of the atmos-

pheric pressure, measured on a line which is perpendicular

to the direction of the isobars; it is generally given in

English units and for the distance of an equatorial degree

(69.18 engl. miles). \Yith large gradients the force of the

wind is usually great, with small gradients, it is slight.

Isotherms. Thermometric gradient. Isotherms are

lines on a chart which connect the places of equal temperature.

A horizontal thermometric gradient is the difference in temp-

erature measured on a line perpendicular to the direction

of the isotherms; it is usually indicated in degrees Fahrenheit,

and for the distance of an equatorial degree. The vertical

thermometric gradient gives the difference in the temperature

which makes itself felt in a A'ertical direction (for every

100 feet) between the air strata. Thermometric gradients are

of much importance in the tormation of cyclones.')

') Ferrel, A popular treatise on tlie winds. London, 1890.
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The daily rangfe of the barometer. The atmospheric

pressure shows in its daily movement two maxima between

9 and 10 o'clock in the morning and evening, and two

minima between 3 and 4 o'clock in the morning and after-

noon; it may, therefore, be represented by a double wave

which, as a rule, attains its greatest height in the morning,

its greatest depth, however, m the afternoon. This variation

of the barometer takes place in the tropics with the regularity

of a clock, should there be no atmospheric disturbances to

influence it, such as cyclones or storms.

Zones in the interior of a cyclone. Corresponding

to the barometric gradients, we may divide the cyclone, from

outward to inward, into four zones A, B, C, and D.

The barometer and the annular zones. The zone A,

Plate 1, (curve a) is characterised by a slow fall of the

barometer, whereby the daily range is maintained. In zone B

the distinct fall takes its beginning, (curve b) which, though

it displaces the hours for the maximum and minimum, allows

the daily range of the barometer to be still recognised. In

zone C the rapid fall, (curve c) by which the daily range

disappears, sets in, and in zone D the fall is very rapid,

(curve d); zone C and D belong to the inner vortex or the

nucleus of the cyclone, but zone A and B to the outer whirl.

The four curves are not ideal ones, but correspond to

cyclones which have been observed at Manila.

In zone A the centre is distant from 120 to 500 nautical miles.

„ „ B „ „ „ „ „ 60 „ 120 „

„ ,. C „ ., „ „ „ 10 „ 60 „

„ „ D the centre is at the

place of observation itself „ 10 „ „

DiFection of the wind. Plate 1 gives also an idea oi

direction of the wind. If a place comes into the range

of a cyclone, then the wind will blow from the fourth or first

quadrant, from directions between W. and N., or between N.

and E., as the centre approaches the place of observation.

If the wind, however, is from the second or third quadrant,

and therefore from a direction between E. and S., or be-

1*



tween S. and W., the centre is moving away from the place

of observation; the rear of the cyclone has been reached.

DiveFgenee of the wind. In a cyclone, setting aside

the progressive movement, there are two powers in action

which influence each other at right angles. The first power

operates in the direction of the gradient, and therefore radially;

the second, which has a revolving motion, operates tangenti-

ally; the direction of the resulting motion depends on the

magTiitude of these two components. In the lower part of

the atmosphere the direction of the radially operating power

is from outward to inward; the resulting motion towards the

centre will therefore form an angle with the tangent, represent-

ing the divergence of the wind.

As the radial component of the aerial current, owing to

the vertical circulation, gradually loses some of its strength,,

as soon as the air nears the centre, being but very small

or almost zero in the ^•o^tex itself, whilst the revolving and

tangentially operating component grows and is greatest

near the centre, it follows that the angle of incidence of

the resulting motion near the centre must be small, and if

compared to the outer zones of the cyclone, must approach

a circular motion. The progressive motion of the cyclone in-

fluences the divergence of the wind also, and this may likewise

be more or less influenced, in the anterior portion of the

cyclone, especially in zone A, by the prevailing (general)

wind.

The body of the cyclone. It is not only the lower

strata of air which participate in the cyclonic movement but the

upper strata to a considerable altitude are also influenced by it.

We may picture ourselves the body of a cyclone as having the

form of two truncated cones which, with their smaller bases, are

placed one on top of the other. The aerial currents move in

both truncaded cones in spirals, and ascend. In the lower-

spiral the motion is contrary to the direction of the move-

ment of a watch-hand, and is convergent to the centre; in the

upper spiral, however, the strata of air follow a motion which

coincides with the movement of a watch-hand, and is di^'ergent

from the centre.
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Indications of these movements are tiie barometrical

readings, their effects are the destruction they bring about, and,

at sea, in addition, the swell which is often their first fore-

runner.

Bar of the cyclone. The cirrus-clouds stream forth in

-\'ast tufts from the upper portion of the body of the cyclone;

-and in the lower parts of the spirals of the cyclone field ^ery

large masses of black and dense clouds begin to drift past.

Part of these follow the wind, and produce deep darkness

-and copious rain. These clouds, generally strato-cimiulus and

nimbus, conjointly make up the bank of clouds, known as

"the bar of the cyclone."

Each of these motions, and also the direction of the the

motion of the clouds at the different levels, and the direction of

the swell, taken with the simultaneous fall of the barometer,

are of great value in order to fix the bearing of the centre.

Axis of the cyclone. Nutation. Absolute and relative

calm. The two large ascending spirals, one of which has a

convergent, the other one a di^'ergent movement as regards

th^ centre, enclose the axis of the cyclone. Plate 2 gives a

vertical section through a cyclone in which the axis ^) has

two directions OE and OE '. These two directions of the axis

indicate to us a nutation, which may influence the violence of

the wind, and possibly the whole cyclone. Redfield ascribes

to nutation the great variety in the force of the wind at equal

distances, from the centre, and likewise, the squally nature of

') M. Z. I, p. 169. Koppen; On the axis of the whirl: The

Axis of the whirl has an "inclination" toward the front or the rear,

this leads to misunderstandings. For in our larger cyclones there

does not exist any uniform mathematical axis whatever for the whole

whirl; this would have to be perpendicular to the plane of rotation. In

fact many authors of former and modern times, when speaking of an in-

clination of the axis of the whirl, have actually believed that there

exists a corresponding deviation of the plane of rotation from the

horizontal one. In a cyclone, however, we have a stratification of in-

finitesimally thin and almost horizontal disks; their vertical axes of

rotation do not coincide, but each of them is somewhat displaced

towards the colder side as regards the one lying below.
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the strong winds. If the axis is vertical, the circular relative

calm and the central absolute calm are confined within regular

limits; If the axis, however, assumes the inclination OE \

and if the cyclone is spreading in the direction of the arrow

MN, the relative calm disappears almost entirely in the front,

but grows correspondingly larger in the rear. If by this

direction of the axis the absolute calm should become smaller,

the clouds and winds in the front will be at the same time

lower, and they will operate for this reason more violently

than in the rear and the ciri-us will stream out in front at a

lower altitude. If we take for the same direction of the

axis the progressive movement of the cyclone to be in the

direction NM, the contrary of what just has been said will

take place. If the axis should incline towards one of the

sides, a dangerous semicircle may be created by it, in opposition

to the one which is practicable for navigation; the slow

movement of a cyclone in the tropical zone does not give it

the power to exercise such an influence.

Fig. 1. The descent of the nucleus of a cyclone.

Fig. 2. The ascent of the nucleus of a cyclone.

Descent and ascent of the nucleus of a cyclone.

In some cyclones an ascent of the inner part has been noticed.

In tropical hurricanes only the inner part of the body of

the hurricane rises and sinks, not the whole whirl, as is the
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case with tornados and waterspouts. The "Bokhara"-ty]3hoon

of October 8—12 1892 i), and the typhoon of the September

27.28 1894 ^) are proofs of this phenomenon. The two

enclosed sketches show in what way this ascent and descent

takes place; they are taken from Chevalier's work already

mentioned.

Tracks of cyclones. ^) In a separate section of this

work we shall deal with the progressive movement and

the tracks or routes which cyclones usually take, and which

differ from each other in the various seasons.

Second Chapter:

Origin of Cyclones.

The question as to the origin of the cyclones can be

discussed from two points of view. The physical conditions under

which they originate may be investigated, or else we may
seek to discover the regions in which they take their rise.

There exists among meteorologists a great difference of opinion

as to the phvsical causes for their origin, and the views stand

frequently in great contrast to each other. Hann writes in

the Journal of the „Oesterr. Ges. f. Meteorologie" in Vol. X,

1875, p. 81, with regard to this matter, as follows:

') Chevalier, The "Bokhara"-Typhoon. Shanghai, 1893. p. 32 pp.

^) Algue Baguios 6 Tifones de 1894. JIanila 1895. p. 96 pp.

') Footnote of the Ann. d. Hydr. u. mar. Meteor. X, 1882, p. 657

Koppen: The spreading of the depressions takes place approxlmatively

in the direction of the aerial current which has the jireponderance

according to its total energy in them, and on the track of that current.

As the conditions of the movement differ in various altitudes of the

whirl, the propagation of the whirl does not determine the movement

of the lowest stratum only, but that of all the strata; as the changes

take place gradually according to the altitude we may, generally speaking,

assume the state of motion of a certain mean stratum; but the

precise altitude of this has yet to be ascertained.



'iThe older theory \-iews the whirlwinds, if I may thus

express myself, from an entirely mechanical point of view,

as being originated through the meeting of various air-currents.

The cause for the low air-pressure in the centre of the cyclone

is assigned to centrifugal force, which again is a consequence

of the rotating air. We lia^e lately read in this same Journal

a detailed statement by Dr. Wittwer with regard to this theory.

The newer theory, which I thould like to term the physical

one, considers the local appearance of a low state of the

barometer to be the first cause for the influx of air from all

sides, and owing to this, by the influence of the earth's rotation,

the whirl becomes formed. This theory explains the low

state of the atmospheric pressure itself as being a consequence of

the condensation of aqueous A^apour over a considerable area

of the earth's surface.

"AVe see, therefore, that apart from the different explanations

with reiiard to the origin of the whirls, the conflict of views

exists therein that in the older theory the various pressures

first originate through the wind, whilst according to the newer

theory the direction and the force of the wind is only a conse-

quence of already existing differences of pressure.

"Both theories cannot exist alongside each other, but

it is not necessary that one of them should be absolutely

wrong, and the other absolutely right; for in both theories

right views may be mixed up with wrong ones. Let us,

therefore, examine them in this respect. Nobody can deny

that whirls may be formed through the meeting of currents

at an angle. But it would be difficult, if not impossible, to

explain how in this manner the exclusive rotation takes place

from right to left in the Northern Hemisphere, and vice

versa in the Southern. It is still more difficult to explain,

according to this theory, the fact that the whirl which has

formed itself should tra^'el through the atmosphere on a path

which is hundreds of miles long, drawing thereby new
masses of air continually into the rotatory motion, overcoming

along its whole route a great amount of friction with which it

meets, and exercising a powerful mechanical influence. Without

a continuous increase of power this would be physically



— 9 —

impossible, and it would even surpass the perpetuum mobile.

Everybody would, moreover, have to take it to be a pure

play of fancy, were he to imagine that the winds on this

long route, through the most varied wind -regions, should

continually collide in the same way.

"The newer theory with regard to the origin of the rotary

motion, through the diverting influence of the earth's rotation

upon the masses of air which pour towards a minimum of

pressure, entirely explains their exceptional rotation from

right to left in the Northern, and from left to right in the

Southern Hemisphere. This theory is the more satisfactory

to us for the reason that it points to the source from which

the existing whirl always receives new power. It uses for this

purpose the fact that each of these large air-whirls is accom-

panied by a copious condensation of aqueous ^apour. The

latent heat which thus becomes free, produces an accelerated

rise of the air above the cyclone, and thus continually gene-

rates a flow of air from all sides underneath. We now see

that the whirl can move onward, and even that it must move

onward, supposing that it should last. The power which it

needs, in order to surmount the resistance of friction, to draw

into itself masses of air which hitherto were at rest, and to

exercise its powerfull mechanical influence, rests already

stored up in the air along the route on which it is to

travel. This power is still latent, but the approach of the

cyclone unchains it. In those places in which the whirl

finds no sufficiency of aqueous vapour in the atmosphere,

and where it has to overcome great resistance from friction,

it must quickly come to a standstill. As this newer theory

gives us thus a sufficient physical proof for some of the

most important phenomena which have to be considered in

connection with storms, I have taken the Uberty to call it

briefly the "physical" theory.

"The explanation of ttie barometrical minima simply through

condensation of aqueous vapour is, however, not equally

satisfactory. I huve already expressed myself sufficiently in

this Journal ^) as to the reasons which necessitate the rejection of

') Meteorol. Zeitsehr. Vol. VIII, p. 102; Vol. IX, p. 289; Vol. X, p 11.



- 10 —

the A'iew according to which, no matter in what way, a con-

siderable decrease of air pressure on the earth's surface may

be produced through the condensation of steam; a principle

which, though of itself correct, has been used for extreme con-

clusions; but neither theory nor facts justify these. I have

already remarked that, according to my belief, the greater part

of the barometrical depressions during storms must be

explained in a mechanical way.

"It is strange that the new theory of storms does not

take centrifugal force at all into consideration any more, and

that it overlooks another similar effect, although it fully

needs this force in order to produce changes in the directions

of the wind. The older theory uses centrifugal force in order

to explain the rarefaction of the air in the centre of the

whirl; but, as far as I am aware, I have never hitherto met

with a German publication which would show us how great

are the ditferences of air-pressure which are due to the cen-

trifugal force of rotating masses of air, and furthermore

whether these differences suffice and to explain their appearance

in cyclones, at least in the greater part of them.

"We must mention here that we do not intend to

explain all differences of air-pressure as being a conse-

quence of the movement of the air-masses themselves; this

extreme would be as objectionable as the other. We con-

sider only that the greater part of the great local ditfer-

ences of air-pressure noticed in a whirlwind, or even in a

straight moving air-current, as far as any such exists, is the

consequence of the movement of air. The latter has, however,

its origin in a difference of pressure originally smaller but

more general".

Hence according to Hann neither of these two theories

suffices, in order to explain the origin and the continuance of

cyclones. The former may perhaps explain the origin of a

cyclone ') in an isolated case, but it cannot generally explain

its origin, development, and duration, and much less its progress-

') Compare also Knipping in "Annalen f. Hyilr. u. Mar. Meleorol.'

1895, p. 340 pp.
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ive movement. In opposition thereto, the latter theory treats the

causes of the origin, the duration of, and the motion of cyclones,

but without talcing sufficiently into consideration the first

cause of the phenomena. According to this theory there-

fore an alteration in the state ot the atmosphere is dependent

on the atmospheric equilibrium over an extensive region which

may become the occasional cause for the formation of cy-

clones. Should, however, the equilibrium over a larger area

become disturbed, the surrounding air endeavours to restore

it, and the motion directed towards the region of low pressure

is influenced by the earth's rotation, and by the centrifugal

force. These two powers help the whirl to form itself, and

they are the cause for a further fall of the barometer. Ferrel

was the first to treat the changes of pressure in a cyclone

mathematically, as being a consequence of the centrifugal

force, and also of the earth's rotation; he attributes the vertical

cyclonic activity to the horizontal and vertical thermic gradients.

If this is the case, why should we not suppose that the

action of opposing aerial currents, which have originated

through the thermic conditions of the atmosphere or through

other causes, are in the first instance an efficient factor for

the origin of cyclones? If by their effects the equilibrium oi

the atmosphere should have been disturbed, and a depression

with convergent aerial currents should haxe been generated

these currents, in virtue of those conditions which the

new theory assigns, should continue, even if the opposed

aerial currents should have disappeared. It appears to us

irrelevant whether the aqueous vapour of the air was an

active agent in the first instance, but we believe it to be a

fact that, after the formation, it plays a powerful part in the

duration of cyclones. Many cyclones appear to originate in

this manner in the China Sea, especially if a typhoon crosses

the Pacific Ocean.

Keller assigns an electrical origin to the cyclones; his

views are to be found in "Jose ^M. Tuero, Tratado elemental

de los huracanes, Madrid 1860", and in "Solaro, Recherches

sur les causes et les Ms des mouvemenfs de I'atmosphh'e,

Paris 1885."
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The views of Keller are entirely differently represented

in his essay "Des ouragans, tornados, typhons et tempetes. —
Annales maritimes, 1847". The cyclones originate, according

to that view, through Monsoons which move in different

directions, striking against each other in a zone of very great

heat. 1)

In an essay by Frank H. Bigelow, "Solar Magnetism

in Meteorology" in the American Meteorological Journal,

January, 1895, p. 319, the formation of cyclones is brought

into very close connection with the action of solar magnetism.

Regions in which the Tropical Cyclones take their

rise. The tropical cyclones do not form themselves, according

to Viiies, {Investigaciones relativas a la circulation y traslation

ciclojiia en los huracanes de las Antillas Habana 1895, p. 53,)

indiscriminately at any point within the tropical zone, but

they prefer to select for their formation and development

particular and definite regions of a zone. The tropical

cyclonic regions in themselves present us in a more or less

distinct manner with the following geographical conditions. Large

continents lying on the west, indented by numerous gulfs and

bays, whose coasts run from north to south, and are bordered

on the east by 'S'ast and extensive oceans and furnished with

numerous islands. These conditions we find more or less

completely fulfilled in the cyclonic regions of the Philippines

and the China Sea, in the Indian Ocean, and in the Southern

Hemisphere in the cyclonic regions of South East Africa, the

neighbouring islands of Madagascar, Mauritius, Reunion,

Rodriguez <kc.

These regions do not, however, present us with the

same conditions at all seasons.

Regions for the formation of tropical cyclones in

the "Far East". If we group as to months the tracks

of the better known Typhoons from 1878 to 1896, we can

recognise in these groups the tropical region for the formation

') Hildebrandsson et Teisserenc cle Bort, Les Bases de la Mete'oro-

logie Dtjnamique. Paris 1S98. p. 39. We should like to draw special
attention to this work.
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of the typhoons which corresponds to each month. Before

"we possessed any observations from the Carolines, the Mariannes.

and the east coast of Mindanao we were often unable to-

trace the typhoons back to their region of formation; but

with the assistance of these observations we have been

enabled during the last few years to trace nearly all typhoons

thither. By means of this material we are enabled to

ascertain the mean region of origin for the three principal

divisions of the year; the three monthly groups are: December,

January, February, and March (Group 1); April, May, October,

and November (Group 2); June, July, August, and September

(Group 3).

Pere Chevalier, in writing about the origin ot typhoons

(The Typhoons of the year 1893. Shanghai Meteorological

Society, II Annual Report; Zikawei, 1894, p. 88), says: There

are typhoons which originate in the China Sea, they are very

few in number, and they will be pointed out as exceptions

to the trajectories regularly followed. Very commonly the

typhoons originate east of the Philippines in the square roughly

included between the meridians of 125 " and 145 " E. of Gr., and

the Parallels of 10 " and 24 " N. Whether they originate further

eastward, is not certain, but it is quite possible. If there should

be any, they do not come so far westward as to make their

appearance on the coasts either of China or Japan. This view

has lately been also expressed by the "Hydrographic Office"

Washington (Pilot Chart of the North Pacific Ocean, April, 1892).

We must, however, decidedly contradict this view as

to the region for the formation of the typhoons, at least as far

as the latitude is concerned. Many typhoons originate to

the south of the parallel of 10 " N., but none form them-

selves to the north of the 20 ° N., to the ENE. of Luzon. No

typhoon appears moreover in China, Tonkin, or Cochin China

which previously has not made its influence felt in the

Archipelago; nor does any typhoon originate in the China

Sea which would not hkewise be felt in the Archipelago.

In order to be more explicit, we shall lay down the

probable zones for each of the three groups into which the

year is divided.
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December, January, February, and March, v. Chart.

The greater part of the typhoons which develop during

these months form themselves in latitudes lower than 10
",

but the region of formation displaces itself in the beginning

of December and at the end of March, moving somewhat

further to the north, so that it has to be transferred to between

the latitudes of 5 " and 12 " N. ; and it is enclosed between the

longitudes of 146° and 143".

April, May, October, and November. It is worthy oi

note that during the next months to these typhoons may-

appear which as to their nature resemble them very closely;

we can, for instance, notice typhoons in the beginning oi

October which have the character of September typhoons,

but they must, nevertheless, be considered as belonging to

the second group; and the same may be said of the November

and December typhoons.

The region of formation of these typhoons has a wider

spread than that of the firstnamed ones; it extends from

17 to 6" X., and from 142" to 129 e. of Gr.

June, July, August, and September. The region of

the third group lies between 20" and 8" N., and between

1390 and 126" E. of Gr.

It will be of interest to learn the physical conditions

under which the formation of cyclones takes place at the

various seasons. We use for this purpose the Isobar- and

Isotherm-Charts which the Observatory in Manila has published

in the year 1894 in the "Boletin Mensual". Table 3— 14.

The zone of the first group is confined to the isobars

29.80 ins and 29,88 ins, and the isotherms 80.6 and 86.0 o F.

the barometrical and thermometrical gradients are, therefore,

very small. The prevailing directions of the wind are, according

to Coffin (The Winds of the Globe) NE. to NNE.

The zone of the second group lies, just as that of

the first, between the isobars of 29.80 ins and 29.88 ins, and

the isotherms of 82.40 and 86.00 p_. j^ October and November
WSW. prevails, but NE. in April and Mav (Coffin, Chart 20,

p. 752).
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The zone of the third group lies in September along

the isobar of 29.80 ins during the other months, however,
it lies between those of 29.80 ins and 29.88 ins; it is intersected

by the isotherms of 82.4" and 84.2" F. The mean direction

of the wind is WSW. in September, and SW. during the other

months (Coffin, Chart 50, p. 752).

It hence follows: That the cyclones form themselves
neither in a region of low nor in a region of high pressure,

but in a sort of neutral zone.

The temperature is in all three zones about the same,
and the thermic gradient almost equal to zero.

The zones travel gradually towards NNW. from February
to July and August, gradually becoming wider, in order to

return by January to SSE. This movement shows that there

is a connection between the Sun's Declination and the regions

for the origin of the cyclones.

Meridian altitude of the sun in Manila (mean values):

December
. ) 5^o_560 J™^ 900

January . . .1

^
July 97

February 64" August 90"

March 76" September 78"

April 81" October 68"

May 94" November 58"

Third Chapter:

Movement of the Atmosphere in Cyclones.

Laws of eyelonie circulation, i) The aerial currents

in a cyclone form a great whirl around a comparatively

small central space of calm, called the "vortex". The rotation

') Vines, Investigaciones relalivas a la Circulation y Traslacion ciclonica

en los Huracanes de las AntiUas. Habana 1895. P. 18—28. — Investigation

of the cyclonic circulation and the translator^ movement of West-Indian

hurricanes. Washington. Weather Bureau. 1898. p. 7—12. — Bergholz,

Die Orkane der Antillen. Marine-Rundschau 1898. p. 1613—1616.
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takes always place in the same manner in the same hemis-

phere; in our own hemisphere the cyclonic rotation is

invariably from right to left, and therefore in the direction from

E. to X., W. and S., or, as commonly expressed, in a direction

contrary to that of the hands of a watch placed upon a

horizontal plane, face upward. In the Southern Hemisphere

the cyclonic rotation follows an opposite direction.

Cyclonic movements at different altitudes. In the

"West-Indian cyclones the cyclonic rotation takes place in

such a manner that the inferior currents converge as a rule

more or less toward the vortex; at a certain altitude the

currents follow a nearly circular course, and higher still their

course becomes divergent. This divergence is all the greater,

as the currents rise to higher altitudes, so that the highest

cirinis clouds show in many instances a complete divergence,

i. e. they take a radial direction.

If the centre of a cyclone lies due south, the wind will

blow from ENE., the lowest clouds will move from East, the

alto-cumulus from ESE., the dense cirro-stratus from SE., the

cirro-cumulus from SSE., and the light cirrus from S.

This succession of currents is in more or less com-

pleteness an invariable occurrence in the West-Indian cyclones,

even when they present such an imperfect organisation as to

be considered simple cyclonic perturbations of slight intens-

ity. It constitutes what is denominated "the law of cyclonic

currents at different altitudes'".

This law is of very great importance in the theory

of cyclones; it is, however, not less useful for practi-

cal purposes, and for these it has much greater ^alue than

the so-called "law of storms''. The latter takes the lower-

most current, the wind only, into account and this, far from

being circular as that law imphes, is perhaps among all the

cyclonic currents the element which forms the most variable

angles, and is most affected by local influences and irregula-

rities. On the contrary, the law of cyclonic currents at different

altitudes takes into account all the currents in the various

atmospheric strata within reach of observation; and by fixing

the general convergence of the lowermost currents, it improves
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the law of storms, ami gives it its real value. Through the

gradation of the currents at dilTerent altitudes, which finds its

expression in this law, the cyclonic rao\'ement is clearly

laid down, and brought together to a whole. The higher and

intermediate currents can be partially determined as to their

direction with greater precision than the lower currents.

Before we proceed to a detailed examination of each of

the cyclonic currents, we wish to point out that the degree of

convergence or divergence, constituting the gradation of the

currents, generally varies not only in different cyclones, but

also on the ditferent sides of the same cyclone; that is to say,

according as the cyclone is of greater or less diameter,,

of greater or less altitude, of greater or less intensity, of perfect

organisation or otherwise, according as the front or the rear

of the storm is considered, or, finally, whether the vortex

of the cyclone lies within the tropics or is notably distant

from them. The convergence of the various currents differs

in the anterior portion of the whirl from that in the rear.

We publish the observations for each of these two general

cases, and we take it for granted that the cyclone is situated

between the tropics, or near them, that it is fully developed,

and displays a considerable force in its currents.

The anterior portion of the cyclone. In the anterior

portion (front) and on the side of the Northerly winds of the

cyclone, in which the directions of the wind between E., N.,

and W. must be included, the cyclonic currents are governed

by the following laws:

Wind. The winds converge as a rule toward the vortex,

so that, supposing the observer stands with his back to the Avind,

the direction of the centre of the storm (the bearing of the

vortex) forms with the direction of the wind, on the ob-

servers left hand side, an angle greater than a right angle,

embracing more than eight points of the compass.

In order to avoid unpleasant errors, when determining

the bearing of the centre by using the direction of the wind,

the following must be borne in mind:

1. If tlie vortex lies at a greater distance, and the

cyclonic winds are not yet well developed, their convergence

2
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is apt to be greater, and they are affected by many local

influences and irregularities.

2. The first squalls in front of the cyclone give divergent

squalls. The rain cloud comes in fact from the left-hand

extremity of tho cloud-bank '), and the gusts are directed out-

wardly ; during such squalls the wind veers to the right,

accordingly, by several points.

3. In the interior of the cyclune the gusts of the rain

squall bring the wind always round to the right, tending

therefore to lessen its convergence, and sometimes almost to

annul it.

4. As the wind increases in violence in the neighbourhood

of the vortex, its direction becomes less convergent. The

centrifugal force becomes greater, and so also does the influence

of the squalls, Avhich here make themselves incessantly felt.

5. In Cuba the cyclonic winds from N. to NNE. exhibit

scarcely any convergence.

6. If the Trade - wind reinforces the cyclone, it modifies

its convergence, sometimes completely suppressing it and

at other times increasing it, so that the centre may be

lying to the south while the wind is from the NE.

Pere GhevaUer discusses this subject in his paper on

"The Bokhara-Typhoon"; he writes :

Generally speaking, we may say that the bearing of the

centre of the typhoon is about 10 or 12 points from the direction

of the wind; but that inclination varies with the position rela-

tively to the centre, and was stated by Pere Dechevrens

to be somewhat greater in rear than in front. Doberck asserts

that it is greater in higher than in lower latitudes. The same

author says: "Once the wind has reached the force of a

strong breeze, the average angle between the wind and the

direction of the centre does not appear to change at all; but

the wind, blowing in great gusts in a typhoon, may oscillate

on both sides of the mean value. There does not appear

to be any foundation at all for the belief that the wind near

') The face being turned toward the cloud bank.
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the centre blows in a circle round the centre." I myself

venture to say that both these assertions are incorrect.

That the angle of the direction of the wind with the

radius vector changes with the distance, has been proved in

many investigations by Pere Dechevrens, and by myself. But

without going so far, a glance at the maps will show that

at the more distant stations the angle is generally greater

in the same direction.

There is great difficulty in deciding the question as to

whelter the wind in the inner spirals has a circular motion,

as Pere Dechevrens asserts, or not. When a station is very

near the centre of the typhoon, a small variation in the

position of the centre produces a great ^-ariation in the angle

made by the wind with the radius of the typhoon. This angle

cannot therefore be determined accurately for those stations,

unless the bearing of the centre be previously^) determined

with perfect exactness. But this exact determination is seldom

possible. I dare not say that any position of the "Bokhara"-

typhoon has been determined so exactly as to be used in

deciding the present question. In the study of the typhoons

of the year 1892 I found two typhoons, the bearing of the

centre of which was determined with perfect exactness very

near a meteorological station, and they have both shown the

inner spirals in a typhoon to be circular round the centre.

The first was the typhoon which passed on the 17"' of August

between Turnabout and Middle Dog; the second the typhoon

which passed over Tamsui during the night of the 6"" Sep-

tember.

There is another circumstance which has a great in-

fluence on the direction of the wind, and to this great

attention must be paid in determining the bearing of the

centre. That is the direction of the Monsoon. In the

neighbourhood of Swatow the winds have an inward tendency

which is far from being so great as at the northern stations

') This determination must be arrived at previously, and therefore

independently of any supposed inclination of the wind to the isobars,

and ought to be certain and accurate.

2*-



- 20 -

of the Formosa Channel. "We shall close this discussion with

the rule above stated and now generally admitted. The centre-

of a typhoon bears generally from 10 to 12 points from

the direction of the wind; accordingly with your back to-

the wind, you will have the centre on your left, from 2 to 4

points ahead; but if the Monsoon is blowing so as to reduce

the angle with the radius vector, especially if you are still far

from the centre, you should allow at least 5 points ahead,,

and still bear in mind that any such estimate is only a rough

approximation.

Lower clouds. The lower clouds move in a direction

nearly perpendicular to the bearing of the centre. The motions

of the clouds exhibit much greater regularity than the direction

of the wind, and these offer us therefore a certain clue in

order to find the centre. The lower clouds include the heavy

low cumulus of dark or leaden hue, the strato-cumulus and

fracto-nimbus, which in the interior of the whirl move with

great velocity. The fracto-cumuli which appear at the com-

mencement, are higher and less dense; they are not unlikely

to show some divergence.

Intermediate clouds. The alto-cumulus, the alto-stratus-

and the cirro-cumulus move from the centre divergently;

their divergence becomes greater, and the angle to the radius

smaller, the higher the currents are. The smallest angle is,

therefore, formed by the cirro-cumulus, and the greatest by

the alto-cumulus.

The angles which these currents form with one another,,

and with the bearing of the radius vector, are far from being

constant. Their magnitude depends on the more or less complete

separation of the -various strata, on the regularity in their

distribution, on the degree of development of the cyclone,

on the greater or less altitude and on the activity of the whirl.

In a well-developed cyclone of considerable intensity a great

regnlarity will be observed as to the distribution of the strata

and the magnitude of the angle in question; the angles form in

such cases the following magnitudes approximately: for the

alto-cumulus 6 points; for the alto-stratus 4 points, and for

the cirro-cumulus 2 points.
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Cirrus. The highest of all cloud-forms, the light cirms

<5louds, have the greatest divergence; they move from

the centre radially, forming therefore with the bearing of the

radius an angle equal to ", which' is practically inappreciable.

The current of the cirrus clouds is the most regular, forming

a right angle with that of the low clouds.

"We find, therefore, that the cirrus and the lower clouds

exhibit the greatest regularity, and the former are hence of

the greatest value in order to fix the bearing of a distant

centre; the observer in the interior of a cyclone must

be principally guided by the movement of the low clouds.

In the absence of cirrus clouds the currents of the cirro-

cumulus and alto-stratus may guide him; should there be no

low clouds, then he must take into account the wind and the

high alto-cumulus, always bearing in mind, however, that these

indications as to the bearing of the centre are less reliable

and satisfactory. In a well-developed and intensive cyclone

whose centre is SSE, the cirrus clouds will move from SSE,

cirro-cumulus from SE, the alto-stratus from ESE, the alto-

cumulus from E, the low clouds from ENE, and the wind

will come from NE.

The rear of the cyclone. In the rear of the cyclone,

the region of the Southerly winds, among which must be in-

cluded the directions between ESE., S., and "WSW., it may be

remarked that all elements participating in the cyclonic mo-

vement describe on the whole greater angles with the direc-

tion in which the centre lies, than is the case in the front;

the elements of the lower strata show, however, mostly

a greater convergence, the upper ones on the other hand

.a less divergence.

In a cyclone, the centre of which lies to the NW of the

observer, the wind will come from SSE. or S., the low clouds

come from S. and SSW., the alto-cumulus from SW., the alto-

stratus from WSW., the cirro-cumulus from W., and the cirrus

clouds from WNW.
Cyclones in the Middle Latitudes. As the cyclone

moves to the north of the tropics and is converted into a

cyclone of the middle latitudes, the currents gradually lose
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their regularity, although their gradation continues much the

same. Sometimes, however, the movements of cirnis clouds

present great irregularities; when, for example, in the Gulf

States- the vortex lies to the north-west or north-north-west,

the current of the cirrus clouds is apt to come suddenly from

the North-east. In such a case the cirrus current observed

is a component of the upper current of the cyclone, and of

Easterly wind which prevails at that time of the year.

Fourth Chapter:

The movement of the Barometer during

Cvclones.

The daily rise and fall of the baFometep. (Plates 15

and 16.)

1. Atmospheric pressure shows in its daily movement

two maxima and two minima.

2. Generally speaking, we may consider the morning,

maximum and the afternoon minimum as being the absolute

maxima and minima.

3. In the tropics the hours for the daily maximum and

minimum vary but little with the stations. On account of

the position of the sun the afternoon minimum occurs usually

at 3 o'clock during September, October, November, December,

January, and February, but during the other months at

1 o'clock.

J:. The amplitude of the daily movement changes with

the position of the station.

5. The amplitude is usually greater during the day time

than at night.

6. The amplitude of the daily movement of the at-

mospheric pressure depends on the geographical latitude; it

is greatest at the Equator, about 0.12 in., and it decreases

towards the Poles.
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7. The amplitude is usually greater on land than at

sea, being hkewise greater in mountainous countries than over

extensive plains.

8. With regard to the influence which the height of the

place of observation exercises, it can be said that the ampli-

tude decreases Avith the height; and that the daily movement

at a great altitude seems to be contrary to that on a plain.

The normal state of the barometer. The normal

state, of the barometer depends on the geographical latitude

and longitude. Hereby is meant the mean altitude of the

atmospheric pressure, reduced to 32 " F., and the level of the

sea, and, if necessary, corrected for Gravity also.

The yearly range of atmospheric pressure. This

depends on the latitude and on the geographical conditions:

the proposition holds generally speaking good: the larger the

daily amplitude, the smaller is the annual.

The barometrical gradient. The gradient stands in

cyclones in proportion to the power of the horizontal rotation

by which it is produced. This rotation depends on its part on

the radially operating component; and this loses its horizontality

in the degree in which it nears the centre, but it also

depends on the tangentially operating component which, near

the centre, grows very large.

Remarks. The theory assumes that the tangentially

operating, and therefore also the barometrical gradient,

increases in the same measure as the radially operating

component decreases. A close observation of the movement

of the barometer in places over which the whole length of

the diameter of the lower part of a cyclone has passed,

does not show a similar increase in the fall of the baro-

meter; on the contrary: in the zones A, B, C, D, into which

we have imagined the cyclone divided, we meet very striking

differences. The curve d of Plate 1 entirely confirms this

statement. It is the curve of one of the largest typhoons

(20"' October, 1882) which have passed over the Capital of

the Phihppines. The barometer began to fall as soon as.

the cvclone reached Manila; the daily movement of the bare-
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meter was, however, maintained in the zones A and B; the

hour of the minimum being only somewhat earlier on the

afternoon of the lO"". In the zone C the fall was more rapid,

but the regular movement was, nevertheless, likewise

noticeable here, at least in the first part of the curve. In

the innermost part af the regiorf C, in the zone D, and in

those parts of the whirl which lay round the centre, the

fall was very quick; hence we do not find a vestige of the

daily movement of atmospheric pressure there. The num-

erical proportion of the gradual fall is by no means the

same along the whole length of the radius; and even less

uniform is the downward movement of the barometer in those

regions which are not diametrically traversed by the vortex

of the typhoon, as is shown by the curves c, b, and a.

The value of barometrieal reading's. From what has

been said it follows that, although the fall of the barometer gives

evidence as to the size, form, and intensity of the typhoon, and

the distance likewise in which the centre passes, these data

are only relative ones, and are strongly influenced by exterior

general causes, as for instance by the daily movement of the

atmospheric pressure.

The heig-ht of the barometer within the boundary

zone of the whirl. Pere Faura has ascertained that 29.72 ins.

is for a barometer the mean height of the boundary-zone of

a typhoon in the Philippines. But as the Archipelago has

a very considerable extension from N. to S., — the outermost

latitudes differing Ijy more than 13 ^, — it follows that the normal

height and the daily amplitude of Aparri, and of Jolo or Zam-

boanga must necessarily dilfer, especially in the months oi

November, December, January, and February. The yearly

A-ariation of the barometer in the more northerly situated

Luzon is already considerable, but it is hardly noticeable in

the more southern region of the Archipelago; a difference in

the altitude for the limits of the typhoon area must therefore

be noticeable, for instance, between Aparri and Manila.

The variability as to the latitude and the yearly range

of the barometer in the Archipelago however, are not so

great as in other regions; the reason for this phenomenom
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must apparently be looked for in the geographical situation.

Although the outermost isobars of the great centre of low

pressure, Avhich in spring-time extends to the south of China,

reach that region, and likewise the region of high pressure

which governs the Continent during winter, shows their

effect in some degree, yet neither the one or the other exerts

influence of any great moment.

How to ascertain the height of the boundary. We
divide the Archipelago into three sections: the southern one is

iound by the paralls of 4 o N. and 10 » 24 ' N. (Iloilo), the middle

one by the parallel of Iloilo and that of Bolinao, 16 " 30
' N.,

the northern by the parallel of Bolinao and that of 22 " N.

The height of the barometer and the daily and yearly

normal variations can be represented for the first division by

Zamboango (6" 54' X.), for the second by Manila (14" 35' N.),

and for the third by Aparri (18 " 22
' N.).

The mean atmospheric pressure, for the three groups,

into which we have divided the year, for these three stations,

is as follows:

2"* Group 3-'^ Group Latitude

29.82 ins 29.83 ins 6 « 54
' N.

29.87 „ 29.81 „ 14" 35
' N.

29.88 „ 29.91 „ 18 « 22 'N.

Hongkong, which with regard to its latitude would have

to be reckoned in the third zone, differs entirely from Aparri:

1^' Group

Zamboanga . 29.84 ins

Manila. . . . 29.95 „

Aparri . . . 29.99 „

1^' Group

Hongkong . . 80.11 ins

2""^ Group

29.95 ins

3''^ Group

29.75 ins

Latitude

22" 18' N.

V\'e have compiled a table which is intended to draw

the attention at each place of the Archipelagiis to any de-

pression which may possibly approach. The values show the

smallest probable height of atmospheric pressure in the

most extreme part of zone A. Should, therefore, the baro-

meter fall in any place to the level which is given

for the various groups and regions, we must carefully note,

whether the instrument shows an inclination to fall still further.

Should this be the case, we are justified in inferring that the

place lies in the outermost zone of a typhoon.
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Place Month Barometer Regions

Zamboanoa

Manila .

Aparri . .

Honskono'

1'' group

2"* gToup
3rci group

1st group

2°'' group
3'''^ group

1st group
2"'i group
3'''' group

1st g-roup

2"'' group

S''** group

29.76 ins

29.76 ins

29.72 „

29.80 ins

29.76 „

29.72 .,

29.92 „

29.80 „

29.65 „

Soutiiern part of the

Phiilippines. — Sooloo-

Islands. — Isabella de

Basilan, Mindanao, Bo-

hol, Negros, Cebu. Sou-

thern part of Panay,

Leyte, Paragua.

Central part of the Phi-

lippines. Northern part

of Panay and Leyte.

Samar, Calamianes, Min-

doro, Masbate, Romblon,

Tamblas. Southern part

of Luzon, Catanduanes

etc.

Southern part of Luzon.

Babuyanes, Batanes etc.

Slow, distinct, and rapid fall of the barometer.

If we examine the curves which the registering apparatus

marks, we will And that during the time during which a

cyclone passes, three very characteristic phases are noticeable.

During the first phase (the slow fall of the barometer) the

normal daily movement, is plainly visible, it becomes but

gradually elfaced; during the second phase (the distinct fall)

the daily movement becomes lost, and during the third (the

rapid fall) an alirupt fall of the atmospheric pressure takes

place. The curve a of Plate 1 shows the phase 1, the

curve b the phase 2; but curves c and d appear when the

centre passes near the place or through the same. They
show us the small fall from m to n, the distinct one from

n to p, and the rapid fall from p to o. We do not take

here into consideration the other barometrical movements,
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since they are caused by wind-S(iuans in tiie outermost

stormfield, and by rain squalls in the inner part.

In the following table we give the heights of the baro-

meter according to the curves of the registering barometer

of' Manila; they have been noted down at the beginning ot

the slow and distinct fall, during times when various typhoons

were passing. We conline ourselves lo the groups 2 and 3

which are the most dangerous ones for the Visayas and Luzon.

Height of barometer in inches

Month Day At the beginning At the beginning ofGroup Year

3.
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Inferences. 1. The height of the barometer for the

months belonging in the second group is on an average

somewhat greater than that for the third. This difference is

due to the fact that the extreme and neighbouring months

have characteristic qualities in common. If, for instance, the

height of the barometer which corresponds to the outermost

part of a storm-centre for Manila and the middle-part of the

Archipelago amounts on an average to 29.76 ins, it. is but natural

that, should November prevail in the table for the months

of the second group, a somewhat higher value will appear

than else might be expected for this respective group.

2. If we deduct from the mean height which has been

found for the slow fall or for the entry of the place in the

typhoon, for the months of the second group somewhat less

than should correspond to the barometrical changes in these

months, that is 0.078 ins, then 29.739 ins remains as the

limit of height.

But if we subtract the probable amplitude for the months

•of the third group, 0.077 ins, from the mean height of the

maximum 29.787 ins, at which reading the place commences

to enter the first spirals of the typhoon, 29.710 ins will

remain as the limit of height.

The average for both the values found, 29.739 ins and

29.710 ins, gives the height 29.72 ins that is to say, the height

which is ^alid for Manila and the centrally situated Philippines,

as being the extreme value for the entry into the outermost

spirals of a typhoon, during the months of the second and

third group.

3. If we deduct the probable mean value of the variation

0.073 ins, from the average value for the months of the second

^nd third group 29.739 ins and 29.710 ins, we shall find as

smallest values 29.666 ins and 29.737 ins, or on an average

29.652 ins, thus showing that the distinct fall usually begins

at the inner limits of zone A, and at the outer ones of zone B.

The heigrht of barometer, and the distance from the

centre. This relation can have but little permanence, because
the extension and the conditions of cyclones are of such a varied

and uncertain nature; but if we confme ourselves to average
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values and suitable limits, it will not be difficult to find rela-

tions which may serve the observer as a guide. According-

to experience gained in Manila we may take for the zone A
120 to 500 nautical miles as the average distance of the centre,

and for the minimum during the afternoon in Manila and the

Central-Philippines the limits of 29.72 or 29.76 ins and 29.57 ins.

This great scope given for the extreme limits is not unnatural,

for, while some of the cyclones have only a small dimension

others again expand over a very large area, so that in both

cases the same phenomena may appear in the most extreme

zones. The uncertainty of the distance within the limits of

a cyclone cannot lead the observer to a still greater error,

because in the other zones the Umits are much more distinct;

and the movement of the barometer shows with far greater

certainty therefore whether one of them has been reached.

The probability of estimating the distance correctly, increases,

with the further fall of the barometer.

We illustrate by examples in the following tables the

relations of the height of the barometer to the distance

and bearing of the centre for the various zones.

Zone A.

Between 120 and 500 nautical miles from the centre.

Height of barometer from 29.76 to 29.57 ins.

Year Month Group
Barometer

Minimum

Smallest
distance of

the centre*)

Bearing of

the centre^

1893

1890

1893

1890

1894

1889

1893

1887

1881

1892

1891

December
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Year
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Year



Zone

—10 nautical miles

Height of barometer
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rom the centre.

ess than 29.17 ins.
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In column 7 we give the whole duration of the rapid

fall, and in column 6 the mean fall per hour. In the typhoon

of Manila (on the 20"^ October 1882) for instance, the duration

of the rapid fall was i^/^ hours, the mean velocity per

hour 0.201 ins; the barometer fell therefore 0.904 ins in

41/2 hours.

"We derived the barometrical gradient (column 11) from

the velocity of the translatory movement in column 10, and

from that of the rapid fall.

Infepences. 1. A cyclone which shows a destructive

nature must not only ha^-e a force of 12 (Beaufort scale), but

the wind must also have a greater velocity than 36 meter

per second = 80.5 engi. miles per hour.

2. There seems to be good reason for believing that

the gradient does not always remains in proportion to the

force of the wind; and even in the closest neighbourhood of the

centre this is not always the case. In order to be comlnced

of this we must compare the dates which have reference to

the cyclones III, IV, V, VI, IX, X, XVIII, XIX, XX. The

causes for this phenomenon are not known; we ascribe them

to the nutation of the axis of the cyclones, which may possibly

exercise such an effect without altering the barometrical

gradient. Compare also the cyclones XII—XIV, XV— XVI,

and XVIII.

3. The fall of the barometer alone, even if it should be

extraordinary, is not sufficient to create an intensive and de-

structive cyclone; in the typhoon XX the barometer fell to

28.19 ins, yet this showed no destructive character. In opposition

hereto stands the typhoon XXI, which with 29.13 ins as lowest

height of the barometer, brought destruction with it. In the

typhoon IX the wind had, with a barometrical height of

29.02 ins, only the force of 10, while in the cyclone V with

more than 29.25 ins the force of the wind was already 12.

4. Should the Ijarometer fall to 29.13 ins, it is most Ukely

that the centre will pass through the place, because 28.94 ins

corresponds to the mean value for the zone D. The baro-

metrical gradient is not equally arranged exen near the centre,

i. e. we do not find equal gradients for equal distances from
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the centre. Compare the barometrical curves, especially

those of the cyclone I.

If, therefore, strictly taken, the barometrical gradient

gives no certain indication of the force of the wind, we may
very often derive the gradient with sufficient accuracy for all

practical purposes from the force of the wind, and from that

the distance of the centre.

During the typhoon in 1894, which crossed the meridian

of Manila in the morning of the 17"" September, the following

observations were made:

The difference of the barometer between San Isidore

and Manila was 0.185 ins at 3 a. m. on the IT"" September;

both places lie 48 naut. miles from each other, the baro-

metrical fall was therefore 0.004 ins p. naut. mile. The

distance between San Isidore and Bayombong amounts to

66.9 nautical miles. If along the. line of the meridian the

fall was equal, which we believe to have been the case, and

therefore no disturbances took place in this direction, the

centre had to pass about 10 nautical miles to the north of

San Isidore, or 58 nautical miles from Manila, that is to

say exactly in the middle between Bayombong and ManOa,

and very close to Babanatuan, a place which lies about 11

nautical miles to the north of San Isidoro.

The isobars of a cyclone. We give here, as an example,

the bearings of the isobars during the typhoon of the 9"" Sep-

tember 1897'). This typhoon gave a good opportunity of

fixing these bearings by observing the registering aneroids

on board of several ships.

From these registrations it follows that the typhoon was

fairly symmetrically developed. The isobars (comp. fig. 36)

follow each other in almost perfect circles from the centre

At a distance of 15 to 20 nautical miles; those lying at

greater distance take a somewhat flattened, and there-

fore elliptical, course. The major axis corresponds nearly

') Pere Aloys Froc, The typhoons of September 9 and 29 1897,

and Met. Zeit. vol. XVI. 1899, p. 48.

3*
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to the direction of the track. The gradients in front are

greater those in the rear; had the gradients in the front

and rear been equally large, the rise of the barographical

curves would have been quicker accomplished, on account of

the growing velocity of the progress of the storm-field. The

deformation, the lengthening of one of the axes, was already

completely developed at sea, but it increased considerably after

the typhoon had traversed the high mountains of the Japanese

coast. The nucleus of the cyclone took no part in its

distortion, because the rise of the barogram on board to one of

the ships, the "Empress of India", was more rapid than its fall.

The following table has been compiled from notes taken-

down on board the "Yarra", "Prinzess Wilhelm", "Arcona", and

"Panther"; and it illustrates, in nautical miles (and kilometers)

the relation of the atmospheric pressure to the distance of

the isobars in the front and in the rear of the typhoon, and

furthermore the degree of its distortion.

Oshima.

Distance of the isobars

in the in the

Isobars front of the rear of the

ins minimum minimum
29.69 147 (272) 225 (417)

29.53 89 (165) 155 (287)

29.33 57 (106) 59 (109)

29.13 50 (93) 50 (93)

"Yokohama.

29.76 184 (341) ? ?

29.65 145 (269) 430 (797)

29.58 90 (167) 240 (445)

29.33 50 (93) 58 (108)

The centre left Oshima at the time at which the isobar

29.49 ins reached Yokohama, in order to move on, in the

first instance, in a straight line to Yokohama; the radius of

the isobar 29.49 ins must therefore have had a length of 113
nautical miles, an hour and three quarters later the barometer
in Oshima had risen to 29.61 ins, and the centre had
travelled 48 nautical miles further; this gives, for the isobar
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Fig. 3. Storm of September 9 1897.

a.

420 130 E. of Or. uo

September 8 1897, IQkp.m.

b.

September 9 1897, 6ha.m.
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29.61 ins a radius of 161 nautical miles. If we continue the

measurement, we shall have for the isobars 29.25 ins and

29.69 ins as values for 56 and 230 nautical miles respectively.

According to a pubUcation of the Central Observatory in

Tokio, 28.39 ins was observed as being the lowest reading of

the barometer in Nomadsu (on the Gulf of Suruga and to the

SE. of Fujiyama). Presuming that the centre maintained its

reading till then, we must come to the conclusion that it

passed between Nomadsu and Fujiyama. But it took the-

total diameter of the isobar (28.39 ins) 18 minutes to pas&

over the "Empress of India"; the velocity of the progress of

the centre was at that time 35 nautical miles per hour; it

therefore follows that the radius of the isobar 28.39 ins had

a length of 5 to 6 nautical miles; the centre must also have-

passed at this distance to the NW. of Nomadsu. As afterwards-

the centre became more filled up over the land, it most

likely touched the place itself, or else it passed in its closest

neighbourhood.

Fifth Chapter:

Rain and Clouds.

The rain arid its difTerent types. 1. "Purely local

rain". This is almost entirely produced by the rapid ascent

of small cold masses of air saturated with vapour, which

are carried , by the wind to regions containing conditions

favourable for the condensation and precipitation of the ^'apour.

We may perceive its approach by the fall of heavy dew
during the night, the sky being clear and bright. This rain sets

in usually between 9 a. p. and 6 p.m. The barometer stands gene-

rally normal, it is however at times high, but seldom very high.

If in the respective regions the conditions for the

precipitation and condensation of vapour are specially favou-

rable, we may predict copious rain. The heavy rains on the-

east coast of the Archipelago are of this nature; they may be
predicted by a high barometer not only from day to day, but
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for several days ahead. It is a striking characteristic of this

sort of rain that it has no proper onward movement; on the

contrary, it advances at the same rate at which the cause

which originate it itself moves on; such is the case in

Manila, on the whole West-coast, and in the interior of the

Visayas &c. during December, January, and February. These

rains are as a rule most copious on the East coast.

2. "Thunder - showers" are rains which are likewise

local, but which exhibit an onward motion, even if for only

a comparatively short distance; they are always accompanied

by electrical phenomena, mostly coming on in the afternoon

and evening betwen 1 and 10 p. m, but sometimes in the

hot season during the night and the early morning also;

they usually form themselves in hilly countries and mountain

forests, and generally in regions in which, as the sun sinks,

the evaporation is greater than in low-lying districts. Should

the direction of the clouds and the wind be contrary, the

formation of thunderstorms will be favoured by it.

Thunder - storms have in every district characteristic

pecuharities; they can be predicted only by observers who
have closely studied them. They mostly appear during a

normal atmospheric pressure, but sometimes also when the

barometer is high, very seldom, however, when it stands

low. We notice two different barometrical movements when

a thunder-storm occurs: either the barometer rises 0.04 to

0.12 inches or more, as has been observed repeatedly in

Manila, or it falls quickly, but on the whole not to so

great an amount.

If the thunder-storm was already developed, the baro-

meter will rise when reaching the place itself, but it falls

if its development takes place principally there. The height

of the barometer will also change, if the thunder-storm be-

gins near the place of observation. In the Tropics a con-

nection between the thunder-storms and the acti-\'e atmospheric

forces appears to exist, which deserves to be mentioned

here. A thunder-storm is very probable on days on which

the temperature is high, and the relative and absolute humidity

are also high, but the daily temperature variation is small.
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Fig. 4. Curves of the Sppung-Fuess barograph at Manila.

Uti
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<iisappearance of small clouds, a greater fall of temperature

than usual, and coronae round the moon. The nature of all

these signs allows that this sort of rain can only be

predicted for a few hours. Such rains appear when the

iarometer is at least normal, but very seldom when it

is high.

Cyclonic rain. Should the air which is more or less

saturated with vapour, and has near the centre of a cyclone

a centripetal and rapidly ascending motion, move towards

the central part of the cyclone, there must at a certain height

be usually in existence a stratum, in which the vapour, due

to the various thermal and hygrometric conditions, condenses

into clouds, and which then produce the rain. We are saying

^'usually", because the conditions for the origin of a cyclone

do not depend on the condensation of vapour, and still

less on rain. It is a fact that a cyclonic movement and a

atmospheric depression, with little or no rain at all, can exist

at any rate for a few hours. In atmosphere containing no

vapour, if the dry air be in a condition of unstable equiUbrium,

every slight increase of temperature in a stratum will generate

•a vertical cyclonic movement, and this will produce a de-

pression of the barometer towards the centre. If besides this

the temperature of any level surface be higher than that of

its environs, a more or less energetic cyclonic movement will

be developed; this however does not suffice for the formation

of clouds, which are thick and dense enough to produce rain.

Should the energy' be great, it may happen occasionally that

the vapour in a cyclone condenses into an immense mass

of cloud, but not into rain.

The level at which vapour condenses depends on the

degree of saturation of the air which flows towards the earth's

surface, and therefore on the difference between the air

temperature, and the dew-point at the beginning of the rapid

rising motion.

It does not lie within the scope of this work to enumerate

arithmetically the complicated formulae which give the decrease

in the temperature of the rising saturated air during its up-

ward movement: it suffices for our purposes to show in the
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following table the decrease in temperature for every 100

metres altitude.

^ Temperature deorees C. Altitude
pressure ^ ^

mm -5 5 10 15 20 25 30 m
760 0.68 0.64 0.5s 0.53 0.48 0.43 0.40 0.37

700 0.66 0.63 0.57 0.51 0.46 0.42 0.38 0.36 660

600 0.63 0.60 0.54 0.48 0.43 0.40 0.36 — 1897

500 0.60 0.56 0.50 0.45 0.40 0.37 — — 3357

400 0.55 0.51 0.46 0.41 0.37 — — — 5142

300 0.49 0.46 0.42 _____ 7550

200 0.41 0.39 _ _ _ _ _ _ 10680

The altitude at which the ^-apour commences to condense,

or the clouds begin to form themselves, may be fixed by the

temperature of the air and the dew-point; it amounts on

an average to 125 m for every difference of I'' C. between

the temperature of the air and that of the dew-point. In

the following table t—r denotes this difference.

Temperature of the air.

t—f 350 30° 250 200 150 IQO 50 00

10
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current is; there could be no rain without an ascending air

current, at the most we should observe cloud which would

show itself near the horizon as stratus.

Distribution of pain round the centre of a cyclone.

The amount of rain is therefore dependent on the degree of

saturation of the air with moisture, and on the velocity ot

the ascending currents. These two factors, which are gxeatly

influenced by local conditions, are not only very variable

in diflferent cyclones, but in the same cyclone also; hence we
find a great variety as to the amount and the distribution

of rain.

Local influences on the amount of rain. Various

conditions exist for the saturation of the air with vapour

according as tlie air blows across oceans, or over continents,

or else over mountainous countries or extensive woodlands.

These same powers influence the velocity of the cyclonic

winds also.

Several localites in the Philippines furnish us with excellent

examples in this direction.

The typhoons which pass by to the south of Manila

have a much less violent character than those which cross

Luzon to the north of Manila; this is not only the case as

regards equal distances from the centre, but even when

the centre passing by to the south is much nearer to the

town. The rain and wind squalls are much less serious in

typhoons passing to the south.

If a cyclone passes to the north, the wind from the

NNW. or N. will veer round to NW., W., SW., S. If the typhoon

crosses the Archipelago to the south, the vane will veer

round in the opposite direction, and •"accordingly from NW.

through N., NE., E., SE. to S. If we look at the geographical

position of Manila we shall find that the NNW., N., and NNE.

directions of the wind come from the interior of Luzon;

those which come from NE. and E. have to pass over a

large area of Luzon and the mountain range which runs

North and South; the SE. and SSE. winds are likewise land

winds, and the S. wind has to cross the mountain range of

Sungay. Such conditions are, however, not at all favourable
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for the saturation of the air with vapour, and therefore not

for the formation of rain.

In opposition hereto are the winds from the NW., W.,

and SW.; they originate in the China Sea, and they have

no impediments whatever to overcome on their way; they

blow therefore with unabated force, and as they are saturated

with vapour, they may give rise to extraordinarily copious

rains. This is corroborated, for instance, by the typhoons

in May 1895 and May 1896 which first passed to the south,

and shortly afterwards to the north of Manila. The most

violent winds, and those which brought with them the most

rain, were those coming from the west. The curve of the

typhoon ot May 10 to 19 1896 shows this fact, but the

typhoon of May 1895 (comp. Boletin Mensual del Obser-

vatori 1895, p. 136 and 137) and the table appended to this

month illustrate it still better. The directions of the wind,

and the amount of rain, of the typhoons which passed near to

the north of Manila are placed side by side in a table for

comparison. The total amount of rain was set down as 100:

Directions of the Amount of rain in percentages

wind of the amount which fell

NNW-NW-WN^^' 1.3

WNW-W-WSW 32.5

WSW-SW-SSW 57.9

SSW-S-SSE 6.2

SE 2.1

If we compare with these figures the typhoons which

passed to the south we get the following result:

Directions of the
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Bayombong offers another good example of the influence

of topographical conditions. It lies in the interior of Luzon

and is 830 feet above the level of the sea, being surrounded

on all sides by mountains. The typhoons are noticeable here

only when they pass by as close as possible. Finally we
quote the places lying on the west coast and in the Province

of Union, which are protected from the Northerly winds, i. e.

from those from NE. to SE. by a large mountain range; the

winds coming from the China Sea and which have a free

entry, i. e. those from the SSE., S., SW., W., and NW.,

bring with them by far the most rain. '

The Maintenance of the energy of the cyclone. The

reason for the energy of a cyclone and its maintenance lies

in the condensation of the vapour contained in the air which

is drawn into the cyclonic movement. The air at the base

of the cyclone which streams in from all sides towards the

centre, is in direct contact with the surface of the land or

sea; and it therefore has their temperature. In the tropics

this is high and even so if the cyclones pass through higher

latitudes, and is always higher than the temperature of the

upper strata of the air; it brings with it a very great quantily

of vapour, which has its origin in the large evaporation from

the oceans lying round. But as the air comes partly from

the north, partly from the south, partly overland and partly

across the sea also, it follows that neither their temperature

nor their amount of vapour can be the same. This difference in

temperature and humidity, but above all the rapid expansion

of the air which ih forced upwards by the eruptive vehemence

of the cyclone and gets hurled outwards by the centrifugal

force, have, as natural consequence, the great condensations

and precipitations which are so characteristic of the cyclones

in the Tropics. The condensations and precipitations take

all forms, from the most delicate and highest cirrus to the

thick and low nimbus and from the drizzle to the violent

torrent of rain. The equivalent of heat which is set free

through the continual and extensive condensation of the

vapour causes the expansion, and energetically keeps up

the rarefaction of the air, as well as the depression with
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is necessary for Uie rapid aspiration of new masses of air,

The latter take the place of the former, they mingle with

each other, rise and rarefy themselves, and bring on their

part new masses of vapour with them, by the condensation

of which some heat becomes again free, creating expansion

and rarefaction anew. Hence the vapour supplies, we may

say, the fuel for working the terrible machine of destruction.

The form and extension of the regfion of the rain

and of the clouds. This region does not always coincide

with the centre of low pressure. In the tropics the latter

lies sometimes behind the zone of clouds and rain; but often

the opposite will take place. The form of these zones is

not circular but elliptic, no doubt on account of the changes

in velocity of the advance of the cyclone, and on account

of the atmospheric disturbance in the upper portion of it.

Generally speaking, the cloud zone has a much larger

extension, although it is usually almost concentrical with that

of the rain.

The clouds of the rain zone are not the only cloud for-

mations in a cyclone; still earlier we meet various cloud

forms which are generated by the ascending air current. A
portion of the vapour is raised to great altitudes before be-

coming condensed; it appears then in the form of extremely

fine threads which transmute themselves to forms resembling

feathery vanes, by the developed of small partial whirls.

These are the cirrits clouds which, as has already been re-

marked, belong in the tropics to the earliest harbingers of a

cyclone. Another portion of the vapour which has been raised,

condenses itself at various altitudes above the earth's surface,

and assumes forms and movements such as have already

been described in Chapter 3.

The extension of the cloud zone is sometimes extra-

ordinary large; nevertheless it seldom stretches over a greater

distance than 500 miles from the centre; the average length

of the major axis of the elliptical cloud zone may be taken

at being 700 nautical miles. The rain zone is, as already

mentioned, smaller, but it extends often further in the rear

than in the front.
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The eye of the storm. It is a well-known fact that in

the innermost part of some cyclones a region makes its appea-

rance, in which light and ^'ariable winds and absolute calm

prevail. In this region, but especially in the absolute calm,

the rain of the cyclone, which comes down in torrents, ceases,

and the clouds occasionally, break up ,so that the sun, or the

moon, and stars become visible on the blue sky; for this

reason the region has probably been called "the eye of the

storm".

We find a description of a cyclone which passed over

the island of Antigua (Antilles), in 1681 im Dampier's work

"Voyages and Descriptions" and of a typhoon in the China

Sea, in Juli 1687, in another work of his. "A new voyage

round the world" Capper describes a central calm in

his "Observations on Winds and Monsoons" during a cyclone

which passed over Pondicherry, near Madras, ia December

1760; and in "An Inquiry into the Nature and Course of

Storms" such an experience is narrated of the bark "Exmouth".

We shall add a few examples of a later date:

The calm which the tugboat "Alexandra" observed during

the cyclone of Calcutta (1864), is worth notice; it lasted

about 46 minutes, land-birds fell down on the deck, some

of them being dead.

When the steamer "Inchulva" happened to be in this

region on Mai 29 1881 in the Arabian Sea, many land-birds fell

on the ship; the sky cleared so much that the sun became

visible through a veil. On board the steamer "Taicheong"

the clearing up of the sky was noticed in the calm region of

the typhoon; the moon and stars became visible during the

"eye of the typhoon", some birds fluttered over the deck and

abaft the ship. During the calm the barometer fell as much

as 0.04 in., the minimum being 28.57 inches.

The calm region of the Manila typhoon on the 20"" October

1882 deserves our special attention; it has been observed

by Faura ("Ligeros apuntes sobre el huracan del 20. Octubre

de 1882 a su paso sobre Manila". Apendice a Id publicacion

memual del Observatorio de 1885). At 11 h 46 m we came,

after a heavy squall from the WNW., into the centre of the
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typhoon; the calm was not absolute but relative; at the be-

ginning we had revolving winds with heavy squalls at inter-

vals of 6 minutes. At 11 h 42 m there was perfect calm for

two minutes, then followed eight minutes with a relative calm

and winds from SW. The blue of the sky did not become visible,

but it cleared up as much that there only remained a thick

veil of condensed vapour. The belt which the bar of the

typhoon formed around the horizon was clearly distinguishable,

a mass of compact nimbus, cumulus and fracto-cumulus. We
do not believe that the diameter, i. e. the length of the

chord in which we passed the centre, was greater than

14 to 16 miles. In Subic the calms lasted for a whole hour,

a proof that the chord which had passed over Manila could

not have been central. The sudden rise of the temperature

and the fall of the humidity which were reproduced by the

curves of the apparatus, attract the greatest attention. The

thermometer rose from 77" F. to 88.7" F., and the relative

humidity fell from the point of saturation to 43 %, down to

a point which is but rarely observed here during April and

May. Many persons told us that when they opened the

window at the time of the calm, it had to be closed imme-

diately on account of the scorching air. Special attention

should be called to the following: The barometrical minimum
began at 11 h 40 m am., i. e. 6 minutes before the commen-
cement of the relative calm, and 12 minutes before the ab-

solute calm, that is at 11 h 54 m am, and 8 minutes later it

stood again at 28.74 inches; the wind regained its former

old violence, but from the SW.
Pere Faura reports on the calm region of another typhoon,

which also passed over Manila in the same year (1882) on
November 5. There were three patches discernible in the

centre of the storm-field: The central space, the absolute

calm had a diameter only of about 11 miles, but it lasted in

Cavite and Imus for almost an hour; the air was very oppressive.

From the observations it cannot be seen whether the sky

cleared up in Cavite fully, we may therefore assume that

it remained covered by a light cirrus veil. The blue of the

sky was likewise not discernible from Manila, the cirrus veil.
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however, broke in two in the ESE., half an hour before the

centre reached Gavite. — The second patch had a diameter

of about 22 miles; Manila remained in it for more than l^/a hours

;

the calm was relative, there were hght winds, which were
interrupted by calms at short intervals. The sky was covered

with a thick veil which did not allow the rays of the sun to

pass through; above and in the veil there were many cirro-

stratits clouds which had a slope towards the space of the

absolute calm. Now and then cumulus a,nd fracto-curnulus made
their appearance, but they soon vanished again, as if pushed

back by an invisible force. — The third region was covered

with many thick cumulus clouds, it became gradually denser

and appeared to stop; it formed a very compact mass,

which was marked off by a sharp black line, the limiting belt

of the rain region of the typhoon. In this space hea\7 sqalls

prevailed, they were interrupted by light winds; the length of

its diameter was about 32 miles. The duration in Manila,

including that of the relative calm, amounted to 2 hours and

40 minutes; a difference in the temperature and the humi-

dity was noticed in this case too, before the centre had passed

and during the same, however not in such a sharp form

as was the case during the typhoon of October 20.

The sun's outline was observable through a cirncs veil

during the duration of the "eye of the storm" in a typhoon

in May 1881, and in August of the same year the stars were

visible in the zenith in San Fernando (Union).

Besides those already mentioned, central calms were

noticed at Tabaco in November 1890, at Vigan in Sep-

tember 1893, and in Aparri in November 1894 and July 1896.

There can be no doubt therefore that calms do appear in

the centre of the tropical cyclones.

The entrance into the ealm region. The transition from

the region of the most violent winds into the calm may be a

sudden one if the belt of the relative calm is but small, and

a gradual one if it has a larger extension. The extent

of this belt is however dependent on the amount of humidity

of the air which the cyclonic movement contains, but above

i
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all on the inclination of the axis of the cyclone; vid. Plate 2.

If the absolute calm passes a place, not with its diameter

but with its chord, the duration of the absolute calm will be

either very short, as was the case in Manila on October 20,

or a relative calm of longer duration will take place, as in

Manila on^ November 5 1882, and in other cases of which

we shall speak later on.

The sea in the centre. Although a sea which runs

in a certain direction does not calm down after a calm has

set in, this can not happen in the centre of a cyclone at all.

The masses of water which are set in motion from different

directions may be compared here to a gigantic pot, the

water of which commences to boil and bubble, i)

The look of the sky at the centre. Observations

have disclosed the fact, that after the centre has passed, the

sky clears up considerably either altogether, so that the sun,

or the moon, and stars become visible, or else that the

sky is only covered by a thin veil of cloud. No doubt, the

more or less complete clearing of the sky depends mainly on the

distance at which the actual centre has passed, or on the

duration of the absolute calm. If a relative calm passes over

a place, it will be noticed that the sky is much clearer in

the direction of the centre, than in other directions. This

has been proved by Faura's observation at Manila, when the

absolute calm reached Cavite on the 5"" of November: above

the veil-cloud and also mixed up with it, numerous cirj-o-

stratus were seen, all of which had an inclination towards the

absolute calm.

Temperature during the calm. The figures given for

the temperature in the regions of relative and absolute calm,

or in the eye of the cyclone, partially contradict each other.

The temperature at Manila rose suddenly — it had been

almost steady for some time pre-^-ious to the passing of the

centre — on October 20 1882 from 77° F. to 88.7"; but it

') A. Schiick, Die Wirbelsturme ; Oldenburg 1881, p. 53.
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fell again just as quickly after the passage of the centre. The

thermogram of November 5 took an entirely different form:

the temperature remained low during the forenoon, but it

rose before the centre reached the meridian of Manila,

remaining higher for some hours; the maximum was, as

usual, observed at 2 h p. m., and accordingly more than

four hours after the centre had passed. The s. s. Weimar

noticed the passing of the centre of the typhoon on the

5"" October 1891; no change in temperature took place, nor

did the sky clear up. In Albay also, over which the centre

passed during the night, no noteworthy increase in the tem-

perature was observed. During the typhoon which traversed

Vigan in the night of September 30 1893, the barometer fell,

it is true, to 28.62 ins., the thermographical curve during

the relative calm which was of long duration, showed a rise

of less than 2 " F. only; the hygrometer curve showed no

change worth mention. In Aparri no material change of the

temperature was noticed when the centres of the typhoons

of November 17 1894 and of July 28 1896 passed that place.

The height of the barometer during the ealm. The

question when the barometrical minimum occurs and the

barometer begins to rise again can with certainty be answered

only by the delineations of barographs. Besides the three

diagrams which Ballon reproduces in "The Eye of the StbrvL'

{The Amer. Met. Journal, 1892 to 1893, p. 67 121) the Manila

Observatory is in possession of barograms and thermograms

by means of which we can fix the passing of the centre.

These were the cyclones of November 5 1882 at Manila, of

November 16 1891 at Albay, of November 17 1894 at Aparri, of

September 30 1893 at Vigan, of July 28 1896 at Aparri, and

of October 9 1896 in Vigan. To these must be added those

mentioned by Ballon on September 22 1885 at False Point

(India), of October 20 1882 at Manila, and on August 18 1891

at Saint Pierre (Martinique.)

In the following table we have set down the respective

dates, and to these. are added some other elements, of im-

portance for the study of tropical cyclones.

4*
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No. Date Station I

Barometer

I
minimum

Kise of the Barometer

slow quick

Force of

wind

Probable
inclination

of axis

22.9.85

20.10.82

5.11.82

18.8.91

16.11.94

28.7.96

30.9.93

9.10.96

FalsePoint

Manila

Manila

St. Pierre

Aparri

Aparri

Vigan

Vigan

at the be
ginning of

the calm

2 min. be-

fore the

rel. calm ')

at the be-
ginning of

the rel.

calm

at the be-

ginning of

the calm

during the

calm

o min.
after the

rel. calm^)

before the

long rel.

calm^)

during the

calm

at the be-

ginning of

the relat.

calm

not knownduring the during the gradually
calm calm abating

and getting

stronger

again

Thus we see that the barometrical minimum did set in

in No. 2 and No. 7 only before the calm; in both cases the

axis of the cyclone had most probably an inclination to the

10 min.
after the

calm

immedia-
tely after

the absol.

and during
the relat.

calm

fell before
the end

of the rel.

calm

at the end
ofthe calm

end of the

ealm

45 min.
after the

calm

during the

calm

twice as
strong

after the

cahn

before and
after the
calm,

of equal
force,

previously

more
uniform

previously

more
violent

not ascer-

tainable

stronger

after the

calm

after-

wards
more
\iolent

of equal
force ; be-
fore the

calm more
uniform

towards
the rear

towards
the front

towards
the front

not known

towards
the rear

towards
the rear

towards
the front

') Barometer kept steady for 8 minutes at the lowest point.

') Lowest reading of barometer kept on for 30 minutes.

5) The barometer stood at the lowest point for a long time be-
fore beginning to rise again.
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front, which is shown by the strong winds which were

noticed before the centre had passed. But the inclination cannot

have been very great, for the winds had the same force

previous to and after the calm in both instances, though

they did not extend over the same area; we also find in both

cases the extraordinary rapid rise during the relative calm.

In No. 6 only do we find the minimum and the rapid

rise setting in after the relative calm, and as the cyclone

showed no destructive effects, notwithstanding the low baro-

meter (28.19 ins), and also as the winds were stronger on

the rear of the centre than on the front, we may assume

that the axis possessed an inclination towards the rear.

In all other cases the minimum occurred in the calm;

the difference and irregularity which were observed during

the time of the rapid rise, seem to correspond to differences

in the force of the wind, and hence to the lie of the axis.

In case 1 the rapid rise took place after the calm; the winds

were more violent afterwards so that the axis had an inclination

to the rear also. In case 5 the rapid rise occured at the end and

after the calm; the winds were stronger after the centre had

passed, the axis being, therefore, inclined to the rear also. In oppo-

sition to this we find in case 3 the rapid rise commencing

some time before the end of the relative calm; the winds

were also stronger before the centre had passed, and we

may conclude, therefore, that the axis showed an inclination

towards the front. As the barometrical minimum and the

rapid rise took place in case 8 during the relative calm, and

the force of the winds was uniform previous to, and after, the

passing of the centre, we are not in a position to decide

whether the axis possessed an inclination at all.

Although the inclination of the axis may vary in the

various cyclones, and often even in the same hurricane, it

exercises no influence whatever upon the depth of the baro-

meter's fall.

Deductions. The observations which have been secured

during the interval of the passage of the centres of some

cyclones, are so variable and contradictory, that they have

led to contradictory views with regard to the inner organisation
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of these systems. A close study of the extension of the

central part, or of the eye of the cyclone, and the relation

between that region and the height of the body of the

cyclone, may, however, sometimes give us a clue to the

explanation of such changeable and apparently contradict ry

facts.

Though the dimensions of the central area of absolute

calm vary in different cyclones, we may take, nevertheless,

the mean length of the diameter to be about 14 nautical

miles. The height of this innermost part of the centre seldom

or hardly over exceeds 5 nautical miles ;

') the diameter of the

larger surface area is accordingly scarcely three times as great

as the altitude; the size of the smaller ground area differs

little from that of the larger one. Occasionally air may be

found in this space in thermometrical and hygrometrical con-

ditions which vary from those existing in the air found in

the cyclonic movement itself, although the conditions are

generally identical, or else very similar.

When at noon on the 20"" of October 1882 Manila

entered the central part of the vortex, the absolute calm,

the temperature suddenly rose during its passage, from 77"

to 88.7 " F., but fell again to its former level after the centre

had passed the City. This is a change which is exceptional,

for no such rise was noticed either on the 5"" of November 1882

at Manila, or on any other occasion. We have, therefore,

drawn the attention of meteorologists to this interesting fact.

Compare "La Meteorologia en la Eaposicion Colombina de

Chicago", p. 58, and also "Uber den Orkan vom 20. October

1882 zu Manila" in the "Zeitschrift der Osterr. Gesellschaft

fUr Meteorologi^' 1883, p. 64; likewise: Vettin "Experimentcde

Darstellung von Luftbewegungen" in "Meteorol. Zeitschr", 1884,

p. 275. Faye also mad.e use of this change of temperature,

in order to prove the existence of descending air-currents in

the interior of cyclones.

A close examination of all circumstances will show that

') Eliot. Handbook of Cyclonic Storms, p. 171. Cyclone Memoirs III,

p. 272.
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the temperature remained steady and comparatively low on

the lO* till 7 pm, shortly before the centre had passed, that

is to say, during the time in which the fresh winds originally

blowing reached the force of cyclonic winds. This steady

low temperature is, no doubt, due to the rain and wind-

squalls according to the usual daily variation of temperature

on cloudy days, it was bound in October to return to its

normal, 78.8 " F., at 7 pm. The temperature fell slowly till

midnight to 75.2 " F., remaining at this point till 7 a. m; on

cloudy days it usually rises between 7 a. m. and noon to

80.6 " F. At this hour on the 20* the winds were already

more than fresh, and the squalls very heavy; the rain was

constant and increased in violence until the beginning of the

relative calm. The dense nimbus began to grow thinner, the

squalls ceased, the wind calmed down, the sky cleared up,

and Manila entered into the central calm, the diameter of

which was from 14 to 16 miles. What wonder then, if the

temperature rose to 88.7 " F. with a sky almost clear, without

any other reason than simple radiation, this being a temper-

ature which is quite normal for noon on cloudless days.

Furthermore we should like to point out that it is no rare

thing at Manila for the temperature to remain one degree

below the normal during rain, especially if the latter is

accompanied by fresh winds.

From the discussion of this case the fact seems to have

been estabUshed, that apparently it is not advisable to come

forward with new theories as to the structure of cyclones.

But the same cannot be said with regard to the extra-

ordinary reduction of the relative humidity during the passage

of the centre. An explanation of this phenomenon is in our

opinion a very difficult matter, but we shall at least en-

deavour to reproduce the existing views on the subject. In

the centre of a cyclone two regions must be distinguished

possessing an intirely different character, namely: the boun-

dary-zone near the most violent part of the cyclone, having

variable winds, and the central space. Some meteorologists

are of opinion, that the air-currents must ascend in the

centre, others again say, that they must descend. Both these
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views are erroneous if taken as a whole, and without drawing

any distinction between the two central regions; they are at

variance also with all experience. The greater part of

meteorologists believe the air-current in the most violent

part of the cyclone and in the boundary-zone towards the

absolute calm to be ascending. Facts which have been ob-

served, seem to justify this view, apparently they do not

correspond to the hypothesis that a descending air-current

exists.

Thus much about the central-zone. Are there any air-

currents in the actual central space? And, if this is the

ease, are they ascending or descending? Some authorities

maintain, that there is no movement whatever (Dallas, "Storms

in the Arabian Sea"). This view is supported by the fact, that

small birds, butterflies, leaves, and other Ught objects have

been observed there. Others again beUeve in a slight des-

cending current; this would tend to throw light on the

changes of temperature, and of relative humidity, the clearing

of the sky etc. (Ferrel, "Treatise on the Winds'"; London, 1890,

p. 314.) Although meteorologists who hold this latter view

explain thereby the decrease of the relative humidity, and

although those who believe, that there no current whatever

exists in the central-zone have some reasons for doing so,

we, nevertheless, uphold our own view — in opposition to

them — , namely: that the rapid fall ot the relative humidity

is difficult to explain, because we are still in want of the

observational material requisite for such investigations. Accor-

ding to Pernter^) the extraordinary decrease in the relative

humidity is simply a consequence of the extraordinary in-

crease in the temperature.

') J. M. Pernter, Zeitschr. der Osterr. Gesellsoh. fiir Meteorolo^ie

1883, p. 67.
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Sixth Chapter:

The disfribufion of some meteorological

elements in typhoons at Manila.

The following three tables illustrate this distribution.

Among meteorological elements we have enumerated: the

atmospheric pressure, the direction of the wind, the barometri-

cal minimum, and the rain; to these are added the bearing

and the direction of the centre at the time of observation.

The footnotes explain anomalies or irregularities.

PFaetical Deductions. 1. The above data offer us a

certain proof for the convergence of the wind round the

centre. In no case did they cease to be convergent; this

would have been impossible, even if the topographical con-

ditions might have been able to bring out another result, for

the bearings of Manila to the centre were of a most variable

nature.

2. If a whirl moves in the first quadrant, the conver-

gence of the winds will be all the greater, the farther off the

cyclonic centre lies, and this especially during the months of

the third and the two last months of the second group.

Hence the Southwest-winds blow much earlier than they

should in accordance to the rule for points 8, 10, and 12,

and even for 14; the inclination of the track towards the

north likewise exercises a very great influence upon the

earlier appearance of these winds. The winds coming from

the Northern side during the months of the first group,

exhibit a lesser convergence on the outer part of the whirl.

3. It is worth notice, that the minima of the cyclones

generally coincide with the lowest readings of the barometer,

which between the tropics occur normally between 3 and

4 o'clock in the morning and evening; there is no exception

to this rule worth mentioning, unless we have a very low

reading, say below 29.65 ins.
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Distribution of some meteoFological elements in typhoons

at Manila.

Months of the first group.
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the night. In connection with the rapid fall of the barometer

this was certainly no ambiguous sign for the supposition, that

a typhoon would pass close by. If we combine this assertion

with the beautiful rule which Pere Faura advanced a few

years ago, and which runs: "The intensity of a cyclone de-

pends on the degree to which the daily barometrical curve

is disturbed", we shall have no difficulty in understanding that

a good observer can derive great help from his barometer,

so as to be able to recognise approximately the first in-

dications, the intensity, and the movement of the cyclone.

We propose to treat this matter more circumstantially in our

second Part.

The distribution of rain round a cyclone varies very

much; it differs greatly in different cyclones. Between 1879

and 1894 the greatest amount during a single day (7.13 ins.)

fell at Manila during the typhoon of November 16 1891.

Seventh Chapter:

The progressive movement of Cvclones.

Causes for the progressive movement. The principal

cause for the progressive mavement of cyclones is probably

the general movement of the atmosphere in which they are

located, but not of that part only which directly lies over

the land and sea over which they pass, but especially that

part of the atmosphere moving at higher altitudes; as we are

to look there for the seat of the greater part of the energy

and power which nourishes and sustains the atmospheric

whirls. This general movement carries the cyclones along

with it in exactly the same manner, as a river sweeps away
with it the small eddies forming themselves in it. (Ferrel,

A popular treastise on the the winds. London 1890, p. 275.)

The tropical cyclones move towards the west, or else they have
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at least a strong Westerly component; for in the tropics the

general movement of the atmosphere is a Westerly one, up

to a great altitude. In higher latitudes the cyclones are

moving eastwards and at a much greater velocity, because of the

existence there of general Easterly movement at all altitudes;

the velocity is comparatively great, especially at the higher

altitudes. The general movement of the atmosphere is caused

by the disturbance of the thermal and barometrical equili-

brium at the surface of the land, the seas, and the air-

strata at various levels, whilst the earth's rotation on its axis

also exercises some influence.

The direetion of the tracks and the velocity of progressive

movement of the cyclones.

1. Typhoons which passed to the North of Manila.

Second Crroap.
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3. Typhoons which passed to the West of Manila.

Second Group.

Month
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The velocity of the progressive movement. The

velocity at which cyclones travel, is different in almost every

instance. It can no longer be doubted, that the velocity

increases with increase of latitude. In the following tables

we have inserted those typhoons only, the tracks of which

are well known. We have divided them in four classes (1)

the cyclones which passed the meridian of Manila to the North,

(2), those which crossed to the South, (3), those which passed

to the "West, and, (4), those which passed by to the East.

The direetion of the track and the velocity of pro-

gressive movement of cyclones which passed north of

Manila. From the tables on p. p. 65 to 67 we learn that

the group which passed Manila to the North contains no

typhoon belonging to the first monthly group. By far the

greater part belongs to the third monthly group and the

neighbouring months; a few belong to November, but not a

single one can be found in the third decade of this month.

The mean inclination of the track reaches its maximum
at W. 30" N. in July; August and September do not go beyond

W. 27" N. ; the average general velocity amounts to 9.8 miles

per hour.

Three cyclones crossed the meridian of Manila after recurving;

they exhibit a mean inclination of E. 35" N.; hence it follows

that the cyclones which recurve have in the second branch a

somewhat greater tendency to move northwards than in the first.

The greater part of typhoons which cross the Archi-

pelago south off Manila belongs, as is natural, to the first

and second group. Tables pag. 67 to 69.

The average inclination of the cyclones of the first group

is W. 11"N.; that of the second W. 12"N.; on the whole it

is W. 16" N. The average general velocity amounts to 8.5 miles

per hour, being, therefore, somewhat less than that of typhoons

passing North; the velocity increases with the latitude; the

inclination of the track towards the North seems also to in-

crease with the latitude.

The Direction of the track and the velocity of the

progressive movement of typhoons passing to the West

off Manila. In the table of page 70 there are fourteen typhoons
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which formed themselves in the China Sea, under the in-

fluence of a simultaneous depression in the Pacific Ocean;

they are marked with a star. If we exclude from the list

the cyclones which do not cross the parallel of Manila but cross

that of 20" N., there will still remain out of the twenty-

two typhoons that formed themselves to the West of the

Capital between 1879 and 1894 sixteen which owe their

origin to a cyclone in the Pacific. The greater part of those

remaining falls into the years during which observations over

the Pacific, in Yap, in the Carolina group, Samar, and to the

N. E. of Mindanao were still scanty. Hence we may suppose

that these cyclones likewise formed themselves, whilst typhoons

were already existing in the Pacific.

Deductions. 1. Centres of depression forming them-

selves in the China Sea are of rare occurrence; they owe

their existence to a cyclone in the Pacific.

2. and 3. Not a single typhoon formed itself between

1879 and 1894 in the months of the first group, and only

very few in the months included in the second group. We
can accordingly say that, if a typhoon forms itself in the China

Sea, this will almost always happen in the months from June to

September (inclusive). A further consequence is, that these

cyclones very rarely form themselves further south than 10" N.

We have already mentioned that the mean velocity

amounts to 7.1 nautical miles; to this we must add, that as

a rule it is usually very slight during the formation of the

cyclone and for some days afterwards.

After recurvature, the mean inclination of the parabolic

track for cyclones moving north eastwards is from N. 29" E.

to NE. by N. The mean inclination of the track for cyclones

turning towards the Asiatic Continent is, however, W. 40" N.,

thus being greater than for cyclones crossing the Archipelago.

The track of typhoons crossing the Archipelago turns more

and more northwards when they are advancing further up

into China Sea, so that these typhoons have the same direction

when reaching the same spot of the ocean. The reason for

any difference between these two classes of cyclones is thus

attributable solely their place of origin.
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4. Cyclones which passed East of Luzon without crossing

the Archipelago.

First Group.
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The velocity of the progressive movement and the

inclination of the track of cyclones which passed East

off Luzon without crossing the Archipelago. The velocity

of these cyclones amounts to only 8.3 nautical miles per

hour; hence it is not as great as that of those of the same
group which cross the Archipelago. The reason for this

difference must be looked for in the fact that cyclones East

of Manila recurve in higher or lower latitudes according to

the season. This fact also explains the much greater in-

clination of the track Northwards. The mean inclination of

the cyclones during the months of the first group is W. 66"

N., whilst cyclones of the same group, which cross the

Archipelago, have an inclination of only W. 11" N. The mean
inclination of the track of cyclones belonging to the second

group is W. 55" N., and that of cyclones crossing the Archipelago

is W. 12" N. The inclination of the track of cyclones be-

longing to the third group is W. 50" N. for cyclones from the

Pacific, and that for those crossing the Archipelago is

W. 16" N.

Deductions. The differences just enumerated are so

great that from them we may draw an important conclusion

for practical purposes. If a ship meets a cyclone in the

Pacific, the Commander will have but little difficulty in deter-

mining by the approximate direction of the track, whether the

typhoon belongs to the Pacific, or whether it will cross the

Archipelago. If when we are to the northward of 9" N., and

at some distance from the Archipelago we notice that the

track has an inclination of more than 40" to the N., we are

justified in concluding that the cyclone will not cross the

Archipelago and that it will keep on drawing northward in

order to recurve afterwards to the NNE. or NE. This rule

is all the more reliable, the further the observer finds himself

to the East of the Archipelago, and the further he is to the

north of the 8"" or 9"" parallel, or else if the northward in-

clination of the track is greater, supposing that his position

is nearer to the Archipelago and he finds himself in lower

latitudes.

The table gives three cyclones which had already re-
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curved before passing the parallel of Manila; they belong to

the months of the second group, in which the vertex of the

parabolical track lies in low latitudes. Three other cyclones

belonging to the group of the third month were already on

the second branch of the parabola also when they crossed

the 20"" parallel. The mean inclination of the track of these

six cyclones in the latitude of Manila is W 74" N.; this con-

firms what has already been said about the greater northward

inclination of the tracks in the second branch of the paro-

bolical track.

As the greatest mean velocity of cyclones does not

exceed 10 miles, it will not generally be difficult to protect

a ship from the dangers due to the proximity of the centre,

if we can fix the direction of the track in the outer boundary-

regions of the cyclone, and afterwards lay down, according

to the position of the ship, the course which will bring us

out of the influence of the cyclone.

The increase in the velocity of the progressive mo-
vement in higher latitudes. Two typhoons which Froc^)

studied carefully (of the 9'" and 29"" of September 1897

respectively) may prove this assertion. We can use «'ith

great advantage a number of observations made on board of

several vessels with Richard's barographs, in order to fix the

individual velocities. The typhoon of the 9"" of September

ought to have reached its curve on the evening of the 7"'

in about 26° N. L. and East of Nafa; its velocity abated there

as is usually the case, but only so as to enter the north-

eastern branch of the parabohcal track with a velocity again

increased. At 10 a. m. the centre was most probably distant

160 nautical miles from Kagoshima and 260 miles from Nafa

and Kochi. The position corresponds to 290 -^Q' n. L. and

132" E. of Gr. If we combine these observations with other

data which are at our disposal concerning the track of the

') Froc, "The typhoons of September 9"i and 29th 1897". Zikawei

1898; and "M. Z." 1899, p. 145—157.
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storm-field, this typhoon must have moved between 10 a. m.

and midnight, or during the afternoon and evening, with a

velocity of 26.1 nautical miles per hour in an almost north-

easterly direction. With somewhat less accuracy we may lay

down the velocity for the preceding day as being 12.5 miles

per hour.

At 11 p. m. on the S"" of September the centre was

50 nautical miles SE. off Oshima, or in 32" 15
' N. L. and

136« 20' E. of Gr.; at 1 h 15 m a. m. it reached 33o 32
' N.

and 137" 5' E.; thus we have for this period a velocity of

31 nautical miles per hour. The selfregistering aneroid of

the German Cruiser "Primess Wilhelm" shows that the centre

passed at 5 h 45 m a. m. about 35 English miles to the NW.
of Yokohama, or in 350 48' n. and 1390 10' E.; in four and

a half hours it had travelled 170 English miles, corresponding

to a velocity of 37 English miles per hour.

The Central Observatory of Japan has determined the

track of this typhoon; it runs over Cape Onmaje Saki, then

along the West-coast of the Suruga-Gulf, and next between

Fujiyama and Nomadsu in a North-easterly direction. At 6a.

on the 9"' September the centre was found to be North of

Tokio ; and it reached the ocean at 7 a. m near Mito ; at

10 a. m it passed Kinkasan, and at 8 p. m. Nemuro (in Jesso.)

Hence it follows, that the velocity from Tokio to the 38"'

parallel was 47.5 nautical miles, and from the 38"" to the

42"'' parallel was 51.2 miles per hour.

According to excellent observations made on board of

H. M. S. '"Daphne", Capt A. Galloway, which was on a voyage

from Hakodate to Petropawlowsk, the centre reached Iturup

12 h 30 m a. m. on the lO"" of September, this being the

southermost island of the Kuriles; after crossing these Islands

it travelled parallel with this group of island as far as to

the South of Paramischir.

The following table shows the velocity of the movement

of the typhoon on the 29"" of September 1897:
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The tracks of Cyclones of the China sea.

The peculiarities of the traclcs of cyclones belong-ingf

to the China sea. No cyclone belonging to the first group

has a parabolical track, unless it recurves in the interior

of the Asiatic Continent. We may presume but cannot prove,

that this may happen ; our material in the way of observations

is still too defective in this respect. Some typhoons of the

second group have a parabolical track; their point of recur-

vature lies in the China sea to the South of the Formosa

Channel. But as the first branch inclines less to the North

than is the case with cyclones of the Pacific, it follows that

their recurvature lies in lower latitudes.

The cyclones of June, July, August and September, the

months which have got the name of "typhoon-months",

recurve much more frequently. During these months cyclones

appear not only much oftener, but they reach higher latitudes

also. The parabolical tracks have characteristics similar to

those of the cyclones of the Pacific belonging to the same

group. We, therefore, confine ourselves to the tracks of

typhoons of the China sea which do not recurve, and follow

them up from their origin until they reach the Asiatic Continent.

General character of the tracks of the three groups

of months. Cyclones of the months belonging to the first

group retain their original direction W. by N. in the South

of the China sea; the storm-centres of December and January

reach the Mainland in Cochin China or in South Annam; those

of February and March land somewhat further to the North,

and therefore almost exclusively in Annam.

The mean direction of cyclones belonging to the second

group in April and May is NW. by W.; those of April reach

the Continent to the North of Annam, those of May pass over

the Gulf of Tonquin and the Straits of Hainan, but towards

the end of the month some of them strike the coast between

Macao and the Straits of Hainan. The October storms, es-

pecially those of the first days, reach as far northwards as

Hong Kong; the remainder strike the coast — in aocordauce

with the advance of the season — further South, so that
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some of them reach Asia to the South of the Gulf of Tonquin.

The original direction of the cyclones in October is "WNW.;

the November storms have from the first a direction W. by N.,

landing on the coast of Annam; most probably no cyclone

has ever reached China during November.

The cyclones of June move toward NW.; they reach the

Continent on the South coast of China, from Breaker Point to

the Straits of Hainan; some recurve south of the Formosa

Channel.

The cyclones of July have also a NW.-direction at the

first. They may be divided into three classes: those of the

first land, like June-storms, in the South of China; those of

the second class travel along the coast between Amoy and

Shanghai, from whence a portion, taking a NNE.-direction,

recurves into the Yellow Sea; those of the third recurve

abreast of Formosa, and then take the direction of the

Japan Sea.

The August cyclones have a North-westerly direction from

their first beginning; generally speaking, they may be considered

as belonging to the July class.

The typhoons of September which originally move towards

NW. by W., usually belong to the first or third class of July

cyclones.

If we recapitulate what has been said we shall find,

that the zone of origin for Typhoons in December, January,

February and March lies between the parallels of 5° and 12";

they reach the Mainland between those of S" and 15".

The zone of origin for typhoons of the months of the

second group lies between the parallels of 6" and 17°; they

land on the Asiatic coast between those of 12° and 23".

The zone of the third group has its source between the

parallels of 8" and 20"; the northern limit of the district

where they strike the Continent, is 30" North, the southern

limit, is however, 18" North.

In order to discover the laws to which the tracks of

cyclones belonging to the Pacific and the China Sea are

subject, it is of importance to examine the general physical

conditions of the zones and those of the adjacent regions.

6



In order to do this it will suffice to become acquainted with

the general distribution of the principal meteorological ele-

ments, the atmospheric pressure, and the temperature, in the

Far East during the different seasons.

The position of the isobars and the isotherms during

the months of the first group. Plates 3 to 6.

During the cold season of the year in Eastern Asia two

centres of action^) come out with preeminent importance. An
area of high pressure, with its centre lying over Lake Baikal,

and an area of low pressure, which is situated to the South

of that Lake and has almost the same latitude as the high pres-

sure area above mentioned.

December. There is but little change in the distribution

of the isobars after the month of November. The maximum
of Lake Baikal has continued to increase, rising to 30.5 ins.

The central area has mo^'ed slightly to SE., getting nearer to

Manchuria, and the western portion of the upper isobar

almost follows the western bank of the great frozen basin.

The gradient of the pressures, along the coast of western
Siberia and of Alanchuria, has become yet steeper than in

November, along the coast of China, but as to a general

increase of pressure, the situation remains the same. The
minimum of the Aleutian islands, in the south of the Behring
Sea, keeps its value 29.6 ins, but it has risen northwards,

so that the archipelago is now included in it. The isobar

29.6 ins, at the same time, has made a more important move:
it has advanced westwards by nearly 8 degrees, thus getting

much nearer the great Siberian centre of action, and this

causes an important increase of the winds, especially of the

squalls from NW., to the North of the 40"' parallel.

The Pacific maximum has advanced towards SW. by
about 300 miles; its importance is more or less the same
as in November, but its movement must ha^-e strengthened
the Trade wind upon the Marianna and the Carolina Islands.

') Aloys Froc, The Atmosphere in the Far East during the six cold
months. Shanghai Meteorological Society, Seventh Annual Report for
the year 1898. Zikawei 1800.
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South of China, the isobars tend more and more to

follow the direction of the parallels and, though in the Gulf

of Bengal they continue to, bend northward, their rise is less

marked.

Beginning with the 30"> parallel and going northward,

we have a fall of temperature which amounts to more than

2" F. for each degree of latitude; in the torrid zone the

isobars distribute themselves more uniformly.

January. Lake Baikal still occupies the central area of

the great Siberian maximum, whose highest closed isobar

surrounds a space roughly representing a crescent with its

convexity looking eastward. The great centre of action of

continental Asia has further increased in importance, the

pressure having risen to 30.7 ins since December. The

minimum of the Aleutian islands, on the other hand, has

continued to sink, the pressure having dropped as much as

0.1 ins, and the central area, still stretching out from E. to W.,

has descended by about 4" in latitude, to the south of that

barrier of islands, in the north of the Pacific. The isobar

of 29.6 ins has advanced westwards by about 8" in longitude

and passes now over the extreme southern point of Kam-

schatka. The barometric gradient between the Continent and

the Pacific has thus increased considerably. The Pacific

maximum, situated in December about the SO"" parallel, has

lost in importance and has become transformed into a huge

band of high pressure, covering almost all that portion of

the ocean comprised between the latitudes of 30" and about

10" N. The general arrangement of the isobars has only

undergone accidental transformations.

February. The maximum of Lake Baikal keeps the

same intensity as in January, 39.7 ins, but the area it covers

is less extensive, and the central isobar is in the shape of

an ellipse, the major axis of which is directed from SSW. to

NNE., its length being almost equal to that of the lake. This

latter is no longer wholly included within the central area,

upwards of one half of which is upon its eastern bank. The

lines of equal pressure, still running from N. to S. along the

coasts of Siberia, are not quite so close together as in the

6*
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preceding months, which circumstance is due to a falling-

back eastward of the Aleutian islands minimum by about

12"- This minimum does not any longer form a band from

E. to W.: its area is in the shape of an ellipse, with its

major axis set from SW. to NE. and enclosing the whole

archipelago as well as the S. and SW. coast of Alaska. The

western extremity of the Pacific maximum appears again

about the 165"^ meridian (W. G.) and between the 25"' and

30"' parallels. Lastly a secondary maximum occupies almost

the whole of the Gulf of Bengal.

March. The barometric system undergoes considerable

modifications which forerun the end of winter. There is yet

a maximum remaining upon Lake Baikal, in the shape of

an ellipse bestriding the southern portion of the great Siberian

basin, but it is greatly lessened in importance: the mean

intensity has fallen by 0.24 ins; moreover, the most energetic

centre of action, which seemed to rule entirely the system

of the winds during the cold season, seems now to have

spread out while collapsing, and a secondary centre, almost

of equal importance 30.4 ins makes its appearance N. of

Lake Balkash and round about the Siberian town of Semipa-

latinsk. The Pacific minimum has descended to the S. of

the Aleutian islands, and stretches out in a direction parallel

to that of that archipelago. The Oceanic maximum, keeping

in the same longitude, has dropped 12 degrees to the S.,

the centre of the curve formed by the isobar 30.08 ins being

now upon the IS"" parallel. There is a slight maximum
remaining over the Gulf of Bengal, but a minimum which did

not exist during the preceding months is developing itself

over the Central part and the North of the great Indian

Peninsula: these are forerunners of the summer Monsoon,

which however has not yet set in. Along the coast, to the

N. of the mouth of the Yangtse-Kiang there is a decrease of

the barometric gradient: this gradient is indicated to the eye

by the distance beetween the isobars, as for instance between

Vladivostok and the SE. point of Yezo. In December there

was a difference of level of upwards 0.32 ins, whilst in

March the diflerence Is reduced to 0.18 ins. Likewise bet-
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ween Blagovestchensk and the centre of Saghalien island

there was in December a difference of 0.46 ins, which in

March conies down to 0.24 ins, and so on. This however

might have been foreseen from the modifications undergone

by the two great centres of action in the Far East in winter,

the maximum of Lake Baikal and the minimum of the Aleutian

islands.

Owing to the positions of the two areas of high pressure

and the area of low pressure there are produced extremely

regnilar movements of the barometer in the Philippines, and

this renders it possible to observe at Manila the great distur-

bances of the atmosphere under very favourable conditions.

The tracks of cyclones of the first group. (See the

Map.) It follows from what has been said that the tracks of

the first group expand themselves between two areas of high

pressure, of which one lies over the interior of the Continent,

and the other over the Pacific Ocean; their direction is to-

wards the northern depression lying over the Aleutian islands.

The typhoons of the China Sea , travel through lower

latitudes which, under normal conditions, are the regions of

the outermost isobars of the Asiatic region of high pressure.

It is to be remarked that in the same measure as the area

of high pressure moves back to the interior of Asia, it loses

its intensity from January to March; and furthermore as the

outermost isobars move northward, the tracks become broader

and endeavour to reach a centre of low pressure which has

been travelling to the North ever since January.

The position of the isobars and the isotherms during

the months of the second group. Plates 7 to 10.

April. The area of high pressure which was lying in

the North of China, and extended over part of "Western

Manchuria, has now lost its intensity to such a degree, that

the atmospheric pressure does not exceed 30.10 ins. The

area of depression which during March was in the interior

of India, stretches into the interior of the Continent and to

the Eastward over the Straits of Malacca and the South of

the China Sea, so that the isobar of 29.80 ins already em-

braces a large part of Borneo, part of Celebes, and the
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whole Java Sea. The isobar 29.90 ins forms the boundary

between the two high pressure areas of Hindostan and the

Behring Sea, the centres of which commence to put themselves

into motion. The atmospheric conditions round the Philippines

develop themselves, therefore, in such a way, that they do

not give rise to either an area of high pressure or to one of

depression.

May. The western area of low pressure has expanded

itself more over the Continent, enveloping almost the whole

region of the Himalayas and a good part of Tibet. Towards

NE. it has developed in such a way, that the isobar 29.70 ins

extends over the whole of Hindostan, and crossing the Gulf

of Bengal embraces part of Siam and Western China. The

area of high pressure is confined to Western Mongolia, so

that the height of the barometer does not exceed 29.96 ins

in the interior of China; the South and East of China are

enclosed by the isobars 29.80 and 29.85 ins. The isobar of

29.90 ins which passes in the Pacific through Western Poh-
nesia at about the same distance as the second isobar of the

same value which runs from Mongolia through North Corea,

thus serving as a limit between the high pressure area of

Mongolia and the Himalayan area of depression. The low

pressure area in the North lies far to the N. of Yezo, stretching

almost over the whole Sea of Ochotsk.

Hence we find a low pressure area to the WNW. of

Manila and a second one at twice as great a distance to the

NNE.; the areas of high pressure are lying to the NW.
and ENE.

The East coast of the Archipelago becomes more heated
than the interior and the West coast. The highest tempera-
ture prevails in May over a fairly large zone which extends
from the Mariana Islands to the East coast of the Philippines,

enclosing the Western Carolina Islands also.

October.i) High pressures already prevail over Siberia,

but the grand maximum of the depth of winter is not yet
perfectly settled. A well marked centre embraces Lake

A. Froc, The Atmosphere in the Far East. Zikawei 1900.
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Baikal, the isobar 30.3 ins extending northward even to the

60'*' parallel, but there is a secondary centre to the SW. of

the first, east of Lake Balkash, and nearly occupying the

land surface comprised between the SO"" and 90"" degrees of

longitude (E. G.) and the 45* and 50"" degrees of N. latitude.

On the other hand almost at the same latitude ,fa. the maxi-

mum of Lake Baikal, but 80" farther East, tliefe is a well

defined minimum, of an elliptic shape, with its major axis

inclined from WSW. to ENE., which occupies the SE. portion

of the Behring Sea, and extends over most of the eastermost

Aleutian islands, up to the shore of Alaska.

The picture however would be incomplete and the data

insufficient, if no mention were made of two other centres.

One of them is a maximum situated over the Pacific, between

the SO"" and 49'*'. parallels, whose isobar, 30.08 ins, extends

as far as the 195"" degree of longitude (W. G.), almost due

South of the minimum of the Aleutian islands. The second

region extends from the seat of a minimum which, first

running along the 10"" parallel, from the East of Mindanao to

the Gulf of Bengal, then rises northward to embrace that

Gulf with the greater part of the Indian Peninsula and the

island of Ceylon.

Over the regions extending fi-om India to Lake Baikal

the isobars run from NW. to SE. At sea, between Saigon

and the North of Formosa, their direction follows the parallels

of latitude, so that the pressure must regularly go on in-

creasing as it advances from South to North. Starting from

the 30"' parallel, the great gradient from Lake Baikal towards

the Aleutian islands makes itself felt more and more, and

the expression which best summarizes the situation, is that

the isobars run parallel to the coast up to the 40"* parallel.

From thence they run from South to North, afterwards to

bend, some to the East and some to the West, and go to

surround the two great centres mentioned above.

In the northern territories the temperature falls rapidly

from September, but changes but little from the parallel of

20" towards the Equator.

November. The Siberian maximum is getting more
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their great centre of atmospheric action, descending some-

what South, is set almost symmetrically all round Lake

Baikal; the limits in latitude, of the isobar 30.5 ins, the

49'" and 58'" parallels and in longitude the 103''* and 112"'

meridians. The secondary maximum indicated in October

near the banks of Lake Balkash has completely disappeared.

The important minimum of the Pacific, which is the

counterpart of the Siberian maximum of the Pacific, has kept

its level and its position in latitude, between the 30* and

the 40* parallels; but it has receded to the East by 3 or 4

degrees. As for the Indian minimum, it descends perceptibly

southwards, and the isobars, greatly bent northwards in the

Gulf of Bengal in October, take more and more, in their

general run, a direction parallel to the equator. Along the

coasts of Manchuria and of Siberia the isobars get closer to

each other, thus indicating steeper atmospheric gradients.

In the Archipelago of the Philippines the temperature

decreases a great deal from October to November, so that

we find the greatest variation of temperature for the whole

year during these months.

The tracks of cyclones of the second group. (Com-

pare the Plate.) The cyclones of April and May move in a

zone which lies between the outermost isobars of the high

pressure centres of the Pacific and Asia.

The cyclones of the China Sea have their tracks to the

South of the isobar 29.90 ins of the continental high pressure

area; they move towards the low pressure area of Hindostan.

At the end of October and the beginning of November

the typhoons, during the development of the Inner Asiatic

high pressure area, are confined to lower latitudes; they move,

on the other hand, according to the changes of position of

the centre of depression in Hindostan. The cyclones of the

Pacific, especially those of October, have their track in the

great zone which is enclosed by the Archipelago, Japan, and

the isobar of 29.90 ins of the Pacific high pressure area.

Inasmuch as the centre of high pressure has become more

developed during November, over the Asiatic Continent, this
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zone grows somewhat narrower. The cyclones of the months

belonging to the second group of the Pacific move towards

the northern area of low pressure.

The pofsition of the isobars and the isotherms during

the months of the third group. Plates 11 to 14.

June. The high pressure area has disappeared from

the interior of China; it now lies over part of North Siberia,

The low pressure area encloses Tibet and Turkestan; the

isobar of 29.60 ins runs from Hindostan across the Gulf of

Bengal towards the interior of China. The high pressure area

of the Pacific has extended itself further and it lies still more

to the North as the month draws to its close. Hence Ave

have to deal with two areas of low and with one of high

pressure; a centre of depression lies to the "West of Formosa

and to the NW. of Manila; the second low pressure area

extends into the Behring Sea; the high pressure area of

lesser intensity lies in the Pacific, NE. from Manila.

The Archipelago is surrounded by a zone which has a some-

what more moderate temperature than that of the interior;

from May to June the isotherms move further from each

other, so that the mean temperature scarcely differs by two

degrees between Manila and the South of Formosa.

July. The area of depression (29.40 ins) has with-

drawn westwards ; in the interior of Asia it lies at the extreme

West of the Himalaya mountains, in the SW. of Turkestan.

The isobar of 29.70 ins runs from Ceylon through the South

of the Gulf of Bengal, Siam, Cochin China, and the interior

of China to the Yellow Sea; and from thence it re-enters the

Continent. The isobar of 29.60 ins, of the depression lying

in the far North, runs into Northern Manchuria, and the

outermost isobars of the other Siberian depression extend as

far as to MongoUa. The only widespread high pressure area

lies over the Pacific. Thus the Archipelago is surrounded by

three centres of low and one of high pressure. The area of

the lowest pressure lies to the WNW. of Formosa and to

the NNW. of Manila; the Siberian low pressure area lies

almost to the N. of Manila, whilst the northern centre of
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low pressure extends from Northern Manchuria to the interior

of the Behring Sea.

Since the beginning of March the isotherms have changed

their position to the North in such a way, that the isotherm

of 68° F. which in March extended from the Hainan Straits

through South Formosa to the Pacific, now runs by way

of Northern China, Corea and the northernmost part of Hondo,

almost parallel to the Equator, into the Pacific. The ther-

mometric gradient is generally greater over the Continent than

over the sea.

August. Since July the Asiatic low pressure centres

have changed their place to the NW.; one low pressure area

is confined to the western part of the Himalaya and part of

Afghanistan; the isobar of 29.70 ins does not extend any

more over the China coast, it crosses Corea; the Siberian

centre has moved a gTeat deal further North. The northern

centre has shifted to the NE., so that it cannot send its

outermost isobars any more as far as Northern Manchuria.

We find the high pressure area of the Pacific almost in the.

latitude of the Island of Kiushu (in the south of Japan.) A
centre of low pressure lies, therefore, to the NW. of Formosa

and to the N.N.W. of Manila. The Siberian area of depression

exercises hardly any influence on the Archipelago ; the northern

lies in the NNE.

The general conditions of temperature change but little

from July to August in high latitudes, but somewhat more in

the middle and lower latitudes. The temperature in the

Archipelago, from the western part from Cape Bolinao to

Isabela de Basilan and Zamboanza (in Mindanao), has a more
moderate character. A zone of higher temperature, however,

embraces a large portion of the Visayas and Mindanao. The
highest temperature is found, in Mindanao, round about the

Bay of Davao, and in part of the interior as well as on the

East coast of Luzon.

September. The intensity of the centre of lowest

pressure does not only diminish, but it changes its position

very rapidly in an ESE. direction, so that in the North of

the Gulf of Bengal it extends over a small part of the southern
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Himalayas and over Bengal as far as Calcutta. The isobar of

29.70 ins embraces the Island of Hainan and the Gulf of

Tonkin. At the same time the pressure increases very much
in Siberia but decreases at sea to the North of Japan.

The area of high pressure which, during the previous

month, was lying in the latitude of Southern Japan, has

disappeared to the Northward and a new high pressure area

shows itself in the vicinity of the Eastern Carolina Islands.

Hence the centre of lowest pressure lies to the WNW.
of Manila exactly as in May; an area of low pressure extends

over the whole Peninsula of Kamschatka and to the NE. of

Manila, whilst the area of high pressure lies at a considerable

distance to the E. of the Archipelago.

In the interior of the Archipelago the conditions of tem-

perature change but little from August to September; in higher

latitudes, the change is greater, amounting to 1.8" F. for each

degree. We find the region of highest temperature in the

Archipelagos in the interior of Mindanao from Davao as far

as the South of Taganaan.

Tracks of cyclones of the third group. (Compare

the map.) From June to September — at least up to the

middle of this month — the centre of high pressure near

the East coast of Asia disappears in higher latitudes, therefore,

the cyclones turn towards the Continent. For the same reason

some cyclones of the Pacific recurve ver^' near the 124'''

Meridian.

The cyclones of the Pacific during the months of the

third group recurve nearer to the Archipelago than in the

earlier months; the point where they recurve is never found

Eastwards of the 129"' Meridian. A part only of the cyclones

of the second half of September recurve between 129" and

132" E. Gr. They all take their course towards the northern

centre of low pressure.

The tracks of cyclones of the China Sea take a more

northerly direction, the further North the low pressure centre

is moving on the Continent; the tracks reach their greatest

inclination to the N. at the end of August and the beginning

of September. The area of low pressure commences to move
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southward during the second half of September and in con-

sequence of this the inclination of the tracks towards the N.

diminishes, having its minimum during the months of the

first group.

The fact that some of the centres of July recurve along

a track which has a strong inclination to the North in order

to reach the Yellow Sea, finds its explanation in the presence

of an area of low pressure in Siberia but of small dimensions,

and this again confirms the statement that the cyclones turn

towards the areas of low pressure.

Ninth Chapter:

The Classification of Cyclones.

The reason for a classification. In the first instance

we might consider the time of formation as a ground for

classification; and accordingly we should have to draw a

distinction between the cyclones of May, June, July, etc.

This division would be suitable, if it depended on a classi-

fication of cyclones according to their form and the inclination

of their tracks; for the seasons of the year are the first

cause for the variability of the tracks. Another classification

may be based upon the regions towards which cyclones take

their course, and thirdly they may also be classified according

to the regions over which they usually travel. This last-

named classification is, as we believe, that which gives rise

to the fewest mistakes.

Classification. The classification which repeatedly has

been employed in the case of the cyclones of the Pacific and

China Sea corresponds to the third mentioned division; and

this we believe to be the most suitable. The Hydrographical

Office in Washington in its classification adopts that proposed by

Pere Chevalier, namely: into typhoons (1) of the China Sea,

(2) of Cochin China, and (3) of Japan. This division is,

according to our view, insufficient, inasmuch as there are
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cyclones which make themselves felt in the Archipelago,

recurve to the eastward of Luzon and travel with the second

branch of their parabolical track far to the Southward of

Japan without exercising any, or at least but a very small

influence on that country. Hence we cannot say, that these

typhoons belong to this division, and the same may be said

of good many tracks in January, February, March, April, and

May, October, November and December. But there are cy-

clones also, which run into the China Sea, recurve there to

the W. of Luzon, and traverse the Pacific again, on the second

branch of their track. They neither reach the Asiatic

Continent, nor are they felt in Japan; and these cyclones

likewise have to be considered. Examples of this class are

the well known typhoons of the S"" to the 14"" of May 1895

in which the s. s. "Gravina" was lost and, with her, hundreds

of lives; and also the cyclone of the lO"* to the 19"' of

May 1896, the centre of which passed over Iloilo.

The Hydrographical Office of Washington comes, therefore,

with Pere Chevalier, to the wrong conclusion, that the typhoons

of the Philippines must either belong to the China sea or Cochin

China class of typhoons; the two instances mentioned should

suffice to prove the error of this supposition.

The subdivisions of eyelones. We may conveniently

divide the cyclones of the Pacific into cyclones of Japan

which originate in the Pacific and recurve before reaching

the 124"" Meridian E. of Gr., in order then to travel over the

islands of Japan; and, secondly, typhoons of the Magalhaes

which take their rise in the Pacific, recurve and generally cross

the region of the Magalhaes Archipelago.

The first-named cyclones develop during June, July,

August, September, October, and November, and the others

during the months of the first and second group.

We divide typhoons of the China Sea into the typhoons

of Mindanao, Visayas, and Luzon. The Cyclones of Mindanao

pass over this Island during the months of the first group.

The Cyclones of the Visayas are those which cross the Central

Philippines in a westerly direction; they develop themselves

during the months of the second group, but especially in
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April and May, sometimes also in December. The typhoons

of Luzon pass over this Island in a westerly direction, or

else they pass in very nearly the same direction to the North.

They belong to the third group, but appear also in October

and November.

The cyclones of Mindanao correspond to those of Cochin

China. Those of the Visayas are partly related to those of

China, but some belong exclusively to the Philippines as, for

instance, the "Gravina"-typhoon (1895), the cyclone of Iloilo

(1896), and others. The Cyclones of Luzon are really China

typhoons; but to these belong also the cyclones of Japan

which are not Pacific typhoons, and also those which recurve

in the Formosa Channel und travel towards Japan; further-

more, those which have reached the China coast, then re-

curve to the N. E. : generally speaking, all cyclones which

have crossed the Meridian of 124" E. of Gr. and again recurve

towards Japan or the Japan Sea.

The very rare typhoons which originate in the China

Sea may, be counted as belonging to one of the three classes

above enumerated according to the latitude in which they

form themselves. They form themselves South of 10" N.;

same of them originate in the China Sea, and these we designate

as being typhoons which belong exclusively to the China Sea.

Division according- to the course of the track. All

cyclones which develop in the "Far East" and disappear

there, can be divided as follows:

1. Cvclones of the Pacific j
Cyclones of Japan.

(^
Cyclones of the Magalhaes.

2. Cyclones belonging to the China Sea exclusively:

Cyclones of
|
Cyclones of Annam.

Mindanao \ Cyclones of Cochin China.

Cyclones of ! Cyclones of Cochin China,

the Visayas { Cyclones of Tonkin.

Cyclones of f Cyclones of China.

Luzon
I Cyclones of Japan.

4. Cyclones of the Philippines, strictly speaking.

3. Cyclones of the

China Sea
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The last enumerated cyclones are the typhoons of the

Visayas or of Luzon, which do not reach the Asiatic Continent

or recurve in the China Sea in order to reach the Archipelago

again, or else those which recun'e in the interior of the

Archipelago itself. We call these cyclones of the Philippines,

strictly speaking, so as to able to distinguish them from

those previously enumerated. All classes might be called

typhoons of the Philippines in a general sense, because they

all make themselves more or less felt in the Archipelago.

The classifleation of cyclones according to the

velocity of theiF progressive movement. Cyclones may

be divided according to the velocity of their progressive

movement into rapid, regularly progressive, slow, and stationary.

This classification however, is not a general one, because

the same cyclone may move slowly whilst forming itself, or

while remaining in lower latitudes, so as to move onward

regularly till it recurves, then to stand almost still whilst recurving,

and, finally, to travel with great velocity as soon as it reaches

higher latitudes. A typhoon is said to travel rapidly in the

Philippines if its velocity exceeds 12 nautical miles an hour;

it moves with a regular velocity when travelling from 6 to 12

miles an hour; its progress is slow if its onward movement

amounts to less than this rate Of typhoons which have

been studied up to date, 180 have crossed the Archipelago

or the adjoining regions of the Ocean with regular velocity,

40 with rapid, and 30 with but small speed; and a few re-

mained stationary for several days.



Second Section.

Indications of the approach of Cyclones.

First Chapter:

Clouds.

Clouds can afford us intimation as to the existence of the

position and the movement of a cyclone by their form and

structure, their direction and velocity, their altitude and other

characteristics, as for instance, colour and amount.

I, — Classification of Cloud Forms.

a. Separate or globular masses (most frequently seen

in dry weather).

h. Forms which are widely extended, or completely

cover the sky (in wet weather).

A. Upper Clouds, average altitude 9000 m.

a) 1. Cirrus.

b) 2. Cirro-stratus.

B. Intermediate Clouds, between 3000 m and 7000 m.

J
3. Cirro-cumulus.

l4. Alto-cumulus.

b) 5. Alto-Stratus.

G. Lower Clouds, 2000 m.

a) 6. Strato-cumulus.

b) 7. Nimbtos.

D. Clouds of diurnal ascending' currents.

a) 8. Cumulus; apex, 1800 m; base, 1400 m.

b) 9. Cumulo-nimbus; apex, 3000 m to 8000 m; base,

1400 m.

E. High Fogs, under 1000 m.

10. Stratus.

')1^
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II. — Explanations.

1. Cirrus (Ci.) Detached clouds, delicate and fibrotts

looking, taking the form of feathers, generally of a white

colour, sometimes arranged in belts which cross a portion

of the sky in "great circles", and by an effect of perspective,

converge towards one or two opposite points of the horizon

(the G.-S. and the Ci.-Cu. often contribute to the formation

of these belts.)

2. Cirro-stratus (Ci.-S.) A thin, whitish sheet, at times com-

pletely covering the sky and only giving it a whitish appea-

rance (it is then sometimes called drro-nebula) or at others

presenting, more or less distinctly, a formation like a tangled

web. This sheet often produces halos around the Sun and

Moon.

3. Cirro-cumulus (Ci.-Cu.) Small globular masses of white

flakes without shadows, or having only very slight shadows,

arranged in groups and often in lines.

4. Alto-cumulus (A.-Cu.) Largish globular masses, white

or greyish partially shaded, arranged in groups or lines, and

often so closely packed that their edges appear confused. The

detached masses are generally larger and more compact

(changing to S.-Gu.) at the centre of the group; at the margin

they form into finer flakes (changing to Gi.-Gu.). They often

spread themselves out in lines in one or two directions.

N. B. The title cumuh-eirrus is suppressed as giving rise to con-

fusion.

5. Alto-Stratus (A.-S.) A thick sheet of grey or bluish

colour, showing a brilliant patch in the neighbourhood of the

Sun or Moon, and which, without causing halos, may give

rise to coronae. This form goes through all the changes

like the cirro-stratus, but by measurements made at Upsala,

its altitude is one half less.

N. B. The title strato-cirrui is suppressed as giving rise to con-

fusion.

6. Strato-Cumulus (S. Cu.) Large globular masses or rolls

of dark cloud, frequently covering the whole sky, especially

in winter, and occasionally giving it a wavy appearance. The

layer of strato- cumulus is not, as a rule, very thick, and

7
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patches of blue sky are often visible through the intervening

spaces. All sorts of transitions between this form and the

alto-cumulm are noticeable. It may be distinguished from

nimbus by its globular or rolled appearance, and also because

it does not bring rain.

7. Nimbus (N.)- Rain-cloud. A thick layer of dark clouds,

without shape and with ragged edges from which continued

rain or snow generally falls. Through the openings of these

clouds an upper layer of cirro-stratus or alto-stratus may

almost invariably be seen. If the layer of nimbus separates

up into shreds, or if small loose clouds are visible floating at

a low level, underneath a large nimbus, they may be described as

fracto-nimbus (Fr.-N,) — "Scud" of sailors.

8. Cumulus (Cu.) (Wool-paek clouds.) Thick clouds of

which the upper surface is dome-shaped and exhihits protuberances

while the base is horizontal. These clouds appear to be formed

by a diurnal ascensional movement which is almost always

observable. When the cloud is opposite the Sun, the surfaces

usually presented to the observer have a greater brilliance

than the margins of the protuberances. "When the light falls

aslant, these clouds give deep shadows, when on the contrary,

these clouds are on the same side as the Sun, they appear

dark, with bright edges.

The true cumulus has clear superior and inferior limits.

It is often broken up by strong winds, and the detached

portions undergo continual changes. These may be distin-

guished by the name fracto-cumulus.

9. Cumulo- Nimbus. (Cu.-N.) The Thunder -cloud;
Shower-eloud. Heavy masses of clouds, rising in the form of

mountains, turrets or anvils, generally having a sheet of screen or

fibrous appearance above (^false cirrus") and underneath, a

mass of cloud similar to "nifr^-us". From the base there

usually fall local showers of rain or of snow (occasionally

hail or soft hail). Sometimes the upper edges have the

compact form of cumulus, forming into massive peaks round

which the delicate "false cirrus" floats, and sometimes the

edges themselves separate into a fringe of filaments similar
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to that of the cirrua cloud. This last form isr particularly

common in springshowers.

The front of thunderclouds of wide extent frequently

presents the form of a large bow spread over a portion of

the sky which is uniformly brighter in colour.

10. Stratus. (S.). -A Horizontal sheet of liftet Fog. -^

When this sheet is broken up into irregular shreds by the

wind, or by the summits of mountains, it may be distinguished

by the name of fracto-stratus (Fr.-S.)

III. — Instructions for the Observation of the Clouds.

For each observation the following points are to be noted

and entered in the register or schedule.

1. The kind of cloud, indicated by the international

letters of the name of the cloud (for greater precision, the

number of the plate in the Atlas which most nearly resembles

the form observed might be given).

2. The direction ftom which the clouds come. By
remaining perfectly still for several seconds, the movements

of the clouds may easily be observed in relation to a steeple

or pole erected in an open space. ^) If the movement of

the cloud is very slow, the head should be steadied by using

a rest. This method of observing must only be used for

clouds near the zenith, for if they are too distant from it

the perspective may lead to errors. In such cases the

nephoscope must be used, and in each case the rules given

for the kind of instrument in use must be followed.

3. The point of radiation of the upper clouds.

These clouds often take the form of narrow parallel lines,

which owing to perspective appear to issue from a given

point on the horizon. The "point of radiation" is the name
given to the point where these belts or their prolongations

meet the horizon. This point on the horizon should be in-

dicated in the same manner as the direction of the wind, N.,

NNE., etc.

') M. Broounof points out that it is very convenient plan to have

a pole bearing a horizontal cross with its arms pointing N.-S. and E.-W.

respectively.

7*



- 100 —

4. Undulated clouds. it often happens that the

clouds have the appearance of regular striae, parallel and

equidistant, like waves on the surface of water. This is

mostly the case with the cirro-cumulus, strato-cumulus (roll

cumulus) &.C. It is important to note the direction of these

striae. "When two distinct systems are apparent, as is

often seen in clouds separated into globular masses by

striae in two directions, the directions of those two systems

should be noted.

As far as possible, these observations should be taken of

striae near the zenith, so as to avoid errors caused by per-

spective.

5. The density and situation of a Bank of Cirrus.

The upper clouds often assume the form of a tangled web or

sheet, more or less dense which, as it appears above the

horizon, looks like a thin bank of a light or greyish colour.

As this form of cloud is closely connected with barometrical

depressions, it is necessary to observe:

a. The density.

0. very thin and irregular.

1. thin, but regular.

2. fairly thick.

3. thick.

4. very thick and of a dark colour.

b. The direction in which the sheet or bank appears

thickest.

6. Remarks. All interesting particulars should be noted,^

such as:

a) During the summer aU low clouds, as a rule, assume
special forms, resembUng more or less cumulus. In

such cases an entry should be made in the column

for "Remarks", stratus or nimbus cumuliformis.

b) It sometimes happens that a cumulus presents a

mammillated lower siirface. This appearance should

be noted under the name of mammato-cumulus.

c. It should always be noted whether the clouds seem

to be stationary or in very rapid motion.
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Clouds as indications of a eyelone. The upper clouds,

and in a less degree the clouds of medium height, give us

information as to the existence of a cyclone before it has

reached the place of observation. Hence they are true har-

bingers; other kinds of cloud reveal by the direction pf their

motion and form, the place where the centre is located, as

soon as a zone of the cyclone has reached the place of ob-

servation.

Cirrus and cirro-stratus as barbingers. We observe

these cloud-formations in the tropics frequently without the

existence of any more important atmospheric disturbances;

hence they are not always indications of a cyclone.

It is true, that there are some authorities who main-

tain, and this with some grounds, that the cirro-stratus and

the cirrus which show an inclination towards each other,

are always indications pf an approaching huiricane, but with

regard to the false cirrus this is incorrect; they simply bring

dull weather. We can distinguish false cirrus from true

with such instruments as are to be found in any well-

equipped Observatory; but we can likewise draw conclusions

as to the existence of true cirrus by a long lasting conver-

gence of the clouds proceeding from a fixed point, the Point

of Radiation.

Are the cirrus and cirro-stratus in the higher latitudes,

say beginning with the SS"" parallel, indications of a storm?

A few examples may answer this question. J. Pere Algue

says: When I was in Havanna in February 1893, I noticed with

Pere Viiies an arborescent ramification of cimcs and cirro-

stratus which was convergent towards the NNW. The

great persistence of this convergence and a quick shift of

the great tuft of cloud towards the N, and NNE. convinced

us that we had to do with cirrus radiating from a

centre which was crossing the North-American Continent in

higher latitudes. And this was really the case, for on the

following day the telegraph informed us that a terrible snow-

storm, a cyclone, had passed over the Continent at a con-

siderable distance to the Southward of New-York; the centre

was over 600 miles distant from Habana.
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Another instance is talcen from the cyclones of 1896.

During the second decade of July several typhoons crossed

the Pacific; we select two of these. The first formed itself

between the Mariana and the Western Carolina Islands between

the 13"" and 14* of July. After having developed itself on

the 15"", it first turned towards the N., but next towards the

WNW., crossing on the IB"" the meridian of Yap at a con-

siderable distance to the North. On the same day a second

centre appeared to the East of the Visayas which was formed

either by the influence of the cyclone, or else was due to

some other causes. As both cyclones were present at the

same time in the Archipelago on the l?"", the state of the

atmosphere appeared very complicated. The barometer fell,

but it was impossible by its fall and by the direction ol the

lower air-currents to come to a conclusion as to the bearings

of the two centres. However, the upper air currents indicated

them. On the 17"" we noticed an arborescent ramification

of cirrus which was convergent towards the East. On the

IS"" the local Weather Report of the Observatory published

the following Notice: "The atmospheric pressure shows a

general fall which took its origin in the eastermost part of

Luzon. There is a depression in the NE. of the Island". During

the afternoon a convergence of the cirriw-clouds towards

ENE. was noticeable; the following heights and the direction

of the clouds were ascertained by a photographic process:

Time of observation: 9.15 am.
Altitude of cirrus (group 1) : 11 192 m.

„ „ „ (group 2) : 11 003 m.

Direction : NE.

Velocity: regular.

No doubt, they were true cirrus, coming from a cyclone.

Observations which arrived subsequently confirmed the idea

that there was a centre of a cyclone on those days and in

this direction; and as the same location of the spot was

determined at places far distant from Manila, as for instance

at Aparri, and the same convergence of cirrus was also

noticed, it follows that the great tuft of cloud mentioned

could not have consisted of false cirrus. The cyclone took
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a northerly direction after the l?**" ; we were able to conjecture

this by the movements of the radiating-point of the cirrus

It shifted from E. to ENE. and NE.; these are movements

which cirrtcs under normal conditions never shows; and

hence they furnish another confirmation of the conjecture

that these cirrus were of cyclonic origin. The centre of the

cyclone, moving northward in all probability came closest to

the North coast of Luzon on the afternoon of the IS*** Hence

it follows that the cirrus which were observed were rising from

the centre of the cyclone and showed themselves at any rate

at a considerable distance in the left semi-circle. ' There is no

reason to suppose that the cyclone loSes its creative power

whilst it moves in higher latitudes; on the contrary, the

circumstances, especially the heavy cloud covering of the sky,

often interfered with observation. This was the typhoon

which travelled as far as the Yellow-Sea, and which obtained

a melancholy notoriety through the loss of the German gun-

boat "Iltis".^)

The other typhoon which made its appearance opposite

to the Visayas, was most likely in process of development

') This typhoon has been described circumstantially by Pere Louis

Froc in an essay "The //fes- Typhoon; Zikawei 1896". On page 12»

when speaking of the indications of the typhoon, the author says: "The

first sign is undoubtedly the swell; for the appearance of cirrut a

valuable indication pointed out some years ago by Rev. B. Vifles for

the Antilles and by Rew. F. Faura for the China Sea, cannot reaUy be

given seriously as a general indication for the seas of the Far East, at

least to the North of the 28"" parallel: these clouds may appear when

no typhoon is in existence, and also typhoons make their appearance

without being preceded by such cirrus". If we admit that in the

central part of a cyclone aeiial ascending currents exist in such a

way as we hav& explained the matter in the first Part of this book,

we cannot for a moment deny the existence of cirrus rising from the

centre. Whether the cirrus is visible or not depends on the amount

of cloud. The general currents of the atmosphere in the upper region

can likewise make their influence felt in such a way that the cirrut

may or may not precede the centre. Compare Ferrel 1. c. p. 302.

Neither Vinez nor Faura mention that all cirrus are indications of a

cyclone; they are so only under certain circumstances, viz. in case of

their being convergent and then showing a certain definitive disposition.
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up to the 18"" of July. On this date Surigao showed the

lowest atmospheric pressure; on the IS"* the barometer

reached its lowest point at Galbayoc (Samar) and at Albay;

the centre was therefore already East off Manila. This

typhoon was also characterized by tufts of cloud which rose

from the centre; they were observed in Manila on the 19*,

and they exhibited a considerable convergence toward the

East. The altitude of the drriu as measured by means of

photographic apparatus, was 13 342 meter.

Faura describes in his essay: "Senates precursoras de

temporal en el Archipelago filipino" the character which the

drills and cirro-stratus exhibit and what is their value, he

writes: "The best means for determining the centre and for

following up its movements are the observations of cirnu,

very delicate little clouds of a bright opal colour, showing

themselves in the form of long threads, and known among

sailors as "cocks-tails". Pere Vinez, the Director of the

Observatory in Havana, was the first to propose the idea of

using these clouds in order to determine the position of the

centre. This idea is, according to our opinion, of very great

importance for the observation of these meteorological pheno-

mena. We certainly must confess that in our locality these

phenomena do not appear with the same purity as the author

ascribes to them, and for this reason we intend to describe

the peculiarities only, as we see them in our Archipelago.

These single small clouds which stand out from the blue of

the sky, draw themselves out and seem to incline toward

a point of the horizon, the Point of Radiation; they appear

in the high regions of the atmosphere much earlier than any

other signs of bad weather, often even at a time when the

barometer is still under the influence of the centre of high

pressure which usually precedes a storm. The first-named

clouds are generally not very numerous, but have a very

definite and delicate structure; in form they resemble long

ribbons pressed close against each another, and becoming
less visible the nearer they are to the point of radiation. We
often had an opportunity to watch them at the Observatory

of Manila, when the centre was still 600 miles distant. We
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must not lose sight of them as soon as we notice them, and

we must follow up all the movements which they gradually

exhibit.

The best times for observing the cirrus are sunrise and

sunset. If the sun is in the East and very near the horizon

the first clouds which are tinged by the solar rays are the

mrro-atratus which precede the cyclone, and they are also the

last to disappear at sunset, inasmuch as they overspread

the horizon. Such times are the best for determining the

radiant point of the cloud streaks, and at the same time for

ascertaining the direction in which the centre lies. Later on

the delicacy of the form, which characterizes this class of

cloud in its earlier stages, is lost, and the clouds appear in

more confused and entangled forms, like streamers of feather

work, with central nuclei, which still maintain this direction,

so that the radiant point can still be detected.

In order to ascertain approximately the direction in which

the centre is advancing in its movement of translation, it is

necessary to determine the changes in the radiant point,

at equal intervals of time, and to compare them with the

movements of the barometer.

Let us suppose that the radiant point is lying to the

Eastward, which is the only bearing which is dangerous for

an observer situated to the Westward, that the cyclone will

certainly pass over the observer, if this radiant point does

not materially change its bearing but remains apparently quite

steady for several days in succession. In this case the baro-

meter will begin to fall, soon after the appearance of the

first cirrus clouds, and sometimes even before these are

seen. At first the fall is so gradual, that the daily range is

still maintained, except that the hours of Maximum and

Minimum are slightly disturbed, while the daily mean is low-

ered. The point on the horizon, where the centre lies,

begins to be covered with a veil of cirrus which gradually

grows, and eventually covers the entire sky with an uniform

sheet. This sheet is known under the name of cirro pallium,

it gives opportunities for the formation of solar and lunar
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haJos which are unfailing accompaniments of cyclones near

their centres.

Underneath the cirrus sheet we see, here and there,

isolated clouds which have received the name of algodone»

(cotton wool), they are more abundant and larger on the

side from which the cyclone is advancing, and there they

soon combine themselves into a compact mass. At such

a time the sunrise and sunset are characterized by the

high red tint which the clouds assume. The horizon, espe-

cially in the direction of the cyclone, is bloodred, as if it

were over an immense fire. The colours are not homo-

geneous, they shade themselves off very decidedly: the den-

sest part is coloured very dark red, the cirrus sheet has a

much Kghter tint, and the cirro-stratus above the sheet exhibits

an even lighter shade which also disappears gradually.

At this time it may be noticed that at the spot where

they are interrupted by the densest part of the cloud, the

cirro-stratus clouds form an arch, the centre of this arch is

exactly the position of the cyclone centre. If the direction

of the cirro-stratus, as we have assumed it, does not alter

itself during the interval that we have been observing all

these phenomena, we may feel certain that the hurricane is

advancing directly over the point of observation; the barometer

then loses its daily march, and instead of rising at the regular

hours it falls or else remains at the same level, if the cyclone

is only of secondary importance, or if it is only advancing

slowly over the place.

The wind usually keeps in the same point, between NE>

and NW.; it only varies in direction during the squalls, which

come from the inner portion of the cyclone, and if the ob-

server happens to be on the mainland or in its vicinity, it

may be affected by the mountain valleys. The lower clouds

increase in amount and gradually envelop the whole sky, from

time to time they clear themselves in a squall of rain and

wind, after the squall a lull ensues, the cirrus sheet appears

again, and the bar of the cyclone remains in the same
locality. This state of the atmosphere lasts unchanged until

the bar of the cyclone reaches the point of obsefvation, and
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then the squalls increase in frequency and force, and the

wind attains its maximum violence. The subsequent pheno-

mena are well known.

This first case, however, although it is the most to be

dreaded, is the rarest. It is the most easy to recognize,

as the phenomena above described are most clearly marked.

If we now take the case of the radiant point of the

cirro-stratus lying in the SE., and changing its position grad-

ually, instead of remaining steadily in one place. If this

change is considerable, the observer may feel certain that

he is not situated on the actual path of the centre. If the

radiant point veers towards the SE. or the S., the centre

must be passing to the Southward or Southwestward, but if

the shift is to SSE. or E., the cyclone is passing to the

Northeastward or Northward. The phenomena of the cirrus

sheet, the halos round sun or moon, and the tints on the

cloudsv due to the sun's rays, are also visible, but they change

their position with the lie of the centre of the storm.

The best mode of gaining an idea of the probable force

of the cyclone at the place of obsen'ation, is to compare

the changes in the barometer with those of the radiant point

of the cirro-stratus. If the radiant point moves to the East

or South, and if the fall of the barometer is only recognisable

from the mean values, and is not serious enough to obliterate

the daily range completely, it may be assumed that the place

will lie on only a small chord of the storm. In that case

nothing but gusts of wind are felt, from the Southward if

the centre passes to the East, and from the Eastward if it

passes to the South. The direction of the wind follows the

usual laws. The winds are light if they come from a Westerly

or Northerly points, but fresher if they come from the other

cardinal points; they are usually accompanied by rain". So

far Faura.

We might bring forward a great number of examples

to prove what has just been said, but shall confine ourselves

to a very few. There were two very good instances in

October 1881, and we shall cite the observations which appear

in the Boletin of the Observatory.
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October 10. The sky was covered with clouds for the

whole day, in the forenoon there was a fine halo round the

sun, the sheaf of cirro-itrat'us came from a radiant point in

the ESE. (the azimuth in which the centre was lying).

October 13. This morning the cirrus sheet from the

rear of the cyclone is observable; fine rain early. The cirrus

sheet lasts till the afternoon, and above it some clearly de-

fined cirro-atrattis clouds are visible, which exhibit a slope

towards NW., the position of the centre.

October 16. The sky is overcast at times, and at other

times it clears, in the afternoon there are streamers of cirrus

with a direction to the SSE. These last on through the

succeeding night, which was otherwise iine and clear, but a

fresh cyclone centre shows itself in the SSE. During the

night a cirrus sheet began to spread itself out under the cirrus

and this gave the opportunity for a faint halo round the

moon in the early morning hours.

October 20. During the whole day the cyclone main-

tained its slow rate of advance. As the night wore on the

squalls from SSW. gradually ceased, and the wind drew into

SE. At daybreak a great plume of cirro stratus appeared

which showed a slope to WNW., the position of the centre.

At sunrise all the clouds took on a brilliant orange yellow

colour, presenting a lovely spectacle.

In November 1881 four depressions visited Manila, two

appeared in the south between the 12"» and the l?"", and

these caused more destruction than any other storms in the

year; two others came between the IG"" and the 20*. The

first hurricane came from the Pacific Ocean, and recurved to

the ENE. of Manila; the second apparently formed itself in

the neighbourhood of the Visayas. Although the conditions

were complicated, the observations of ciri-us given in the

Boletin afford information sufficient to indicate the positions of

the cyclone centres.

November 12. During the day there was a corona round

the sun and a convergence of the cirrus clouds towards the

SE. (the position of the first centre).
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November 14. At night a convergence of the cirrus

clouds towards the S. (the second centre,)

November 15. Solar halo. Rainbows and branching off

of the cirrtis towards SE., in the afternoon and at night there

were cirro-stratus streaks converging to SE. by S, and a

lunar halo,

November 18. Convergence of cirrus towards E. during

the day, at night lunar halo.

Converging: and parallel cirrus and the centres

of Cyclones. The convergence of cirrus is caused by the

action of a cyclone, but the appearance of parallelism in

cirrus must be attributed to the simultaneous existence of

two cyclones. The first case is therefore the more common,

while the second can only arise under special circumstances.

Between the 26'" and the 28"" of October 1892 a depression

crossed the southern part of the Archipelago, to the south-

ward of Manila. On the 28"" another cyclone, very charac-

teristic and strongly developed, appeared to the northward

of Manila; it recurved between Vigan and Tuguegarao, passed

south of Aparri and Gape Engailo, and then turned into the

Pacific Ocean in an Easterly direction. The Boletin for 1892

gives among the published observations the subjoined parti-

culars, which are of great interest.

October 27. In the morning convergence of the cirrus

towards the SSE. (centre to the S.), fine solar halo, at night

lunar halo.

October 28. In the morning streaks of cirrus from

WSW. to ENE. These are the parallel streaks of cirrus which

the cirrus produced by the action of the two cyclones have

formed, and which appear contrary to the direction of the

upper currents. They run at right angles to the barometrical

gradient and therefore parallel to the isobars. This paralleUsm

with the isobars is frequently observed in Spain, England and

Sweden.

October 29. Convergence of the cirrus towards the

NNW. (centre to the North), the convergence was noticed

at 9 am and 5 pm.
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Another instance is to be found in the Boletin of September

1890. On the 21*' two depressions were noticed, one to the

NNE., the other to the S. of Manila. On this day drnis

streaks were observed which ran parallel to each other from

E. to W., in a direction perpendicular to the barometrical

gradients of the cyclone, and parallel to the isobars.

We conclude with the remark that the direction of the

streaks of cirrus or cirro-stratus must not be confounded with

the direction of motioh of these clouds, and that the, direction

and the convergence of cirrus are not the same. , The

radiant point indicates the direction- of the streaks of , cirrus,

but the direction of an individual . streak must be determined

according to the meridian of the observer, and this deter-

mination can best be made when the cloud is in the Zenith.

The radiant point gives approximately the azimuth in which

the centre of the cyclone lies; the direction of an individual

streak, between the Tropics, indicates either that the cyclone

centre Ues at one of the two points towards which the

streak points, or that the streak belongs to a system of

parallel streaks; but in this latter case the relation between

these streaks and the position of the centre is clearly marked.

Second Chapter:

The Direction of ftie clouds as indications

of a cyclone.

The mean altitude of the clouds. Their normal
direction. A cloud is governed by the motion of the stratum

of the atmosphere in which it is floating. It is therefore

necessary to determine the altitude of the clouds and the
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directionvQf their ir^ption, in order tO' [ascertain the movements

of the atmosphere at different levels. As, however, the

different forms of cloud are not observable at fixed hours of

the day, and that moreover one form is often covered by

another, the idea of fixed hours for measuring the altitudes

must be given up, and all possible use must be made of

any opportunity which offers for the employment of measuring

apparatus on any forms which may from time to time appear.

If we also; remember that atmospheric disturbances must

exercise a great influence on the altitude of the clouds and

on their movements, it will be understood that the number

of observations must be considerable, in order that the results

shall possess the necessary degree of trustworthiness. If,

however, the mean cloud altitudes for a sufficiently long period

have been known, the determination of the mean or normal

movements of the atmosphere at the- different levels is very

easy. If we determine the mean angular velocity of the

clouds, we obtain not only their mean velocity, but also the

mean linear velocity of the atmospheric currents at the

different levels.

It need hardly be said that if the normal direction of

the atmospheric currents is known, any discordant direction,

— such as may come out from the movements Of clouds at

the different levels — points to the existence of an atmos-

pheric disturbance.

Two works on cloud measurements have recently been,

published, forming a portion of the International system

of measurements of the years 1896— 7. Observations et

Misii'res de la Suide, Upsala 1899, and Padre Jose"Algu6,

Las Nubes en el Archipielago Filipino. Manila 1898. Tli^

tables of cloud altitudes are taken from the latter work,

while the former is cited for purposes of comparison.

In order to determine the normal direction of the clouds,

all the observations made at Manila from 1890 to 1897, in-

clusive, have been employed.



112

Mean altitude of the Clouds at Manila in metres

in the individual months and groups of months.
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It is remarkable that the Ci.-S. which gives the highest

cloud altitude at Manila, shows at Upsala an altitude less

than that of Ci. - Cu. On the other hand the Ci. - Cu.,

in both series of observations, are considerably higher

than any other intermediate cloud forms. We are of

opinion that the cirro - stratus, which plays such an im-

portant part in tropical hurricanes, are carried up to a much

greater altitude there, and may therefore be taken as equivalent

to the somewhat similar forms which arise out of the Ci.-Cu.

Dr. Hildebrandsson, on p. 22 of his work, expresses himself

on this point as follows: "If we suppose, for example, that

in the Zenith there is a stratum of Ci.-Cu. of which the

thickness is 500 metres and the altitude 6000 metres. If

that stratum has a mean velocity of 20 metres per second,

it will appear, in half an hour, like a thin band of which

the angTilar altitude is d'^.b and the breadth 46', and of which

the outlines may be clearly marked. Then it will be

impossible to distiiiguish it from a band of cin-us or of cirro-

itratus. If such a band has to be measured and the other

upper clouds are either non existent or 6lse hidden from

view, for a time, by lower clouds, the uncertainty of deno-

mination, which we have just mentioned, is inevitable."

The Direction of motion of the clouds in each month.

The Direction of motion of the clouds has been calculated

for each month, and in order to compare the movements

which take place from the surface of the sea up to the highest

cloud level, we add a table of the prevalent wind directions.

General circulation of the atmosphere at Manila. Plate 17.

Latitude 14 « 34' 41".

Month
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Month
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Northern Hemisphere viz at Davao, Zikawei and Blue-Hill

(Plate 18). It is remarkable that the drifts of the upper and

intermediate clouds in Jamaica and at Manila hardly differ

from each other, but that the drift of the lower clouds

exhibits a somewhat greater difference, which is doubtless

attributable to the disturbances of the atmosphere. The drift

of the upper clouds at Davao is directly opposite to those at

Blue Hill and Zikawei.^)

The drifts at Zilcawei and Blue Hill have been taken from

a work by Padre Dechevrens "Mouvements des diverges couches

de I'atmosphere. Rome 1896. The drift of the upper clouds

at Manila is always easterly, but that of higher latitudes is

westerly. While the sun is over the Southern Hemisphere, i. e.

from October to March, the cirrus comes from the second,

but in the other months from the first quadrant (Plate 18).

We confine ourselves to these data, as we cannot deal with

the causes which bring about the atmospheric circulation on

the different parallels of latitude.

High clouds. Cirrus, cirro-stratus. The cirrus

rises from the centre of the cyclone and at times exhibits a

tree-like structure, at other times it is feathery. The direction

of the cirrus streaks, and their radiant point especially, are

admirable indicators of atmospheric disturbances. If there is

any probability that the cirrus and cirro-stratus have their

origin in a cyclone, this probability will increase with more

careful observation. If they proceed from a radiant point,

that will be the position of the centre of the cyclone, and

you may feel more convinced of this if the direction is

not the normal one; if it should be normal you must be

careful.

It sometimes happens that the direction of the cin-us

does not correspond with the position of the radiant point.

This may arise either from an optical deception in the fixing

of the radiant point, or in that of the energy of the cyclone,

or from the different influence of the earth's rotation at

different distances from the radiant point on the individual

') Algue, Las Nubes en el Ardiipielago, p. 56.
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cirrus streaks, or, what is the commoner case, on the fact

that the observed direction of the cirrus is the resultant be-

tween the directions of the normal cirrus, and of that which

radiates out from the cyclone. These irregularities in the

relation of the direction of the cyclonic cin-us to the

position of the centre are generally observed when the cyclone

lies to the west of the observer; for then the direction of

the cyclonic cirrus is opposite to that of the normal cirrus;

the gTaphical representation of the general circulation of the

atmosphere at Manila confirms this.

Under favourable circumstances the position of the centre

may be determined by the form and direction of the ciirus,

at a distance of over 500 miles.

We can illustrate, by many instances, the great utility

which may be made of the cirrus as an indication of a

cyclone, some of these will be found in the next Chapter,

but here we shall first quote from '^Observaciones meteorologicas

hechas en el Colegio Maadmo de la Compahia de Jesus en Ona

(Burgos) 1895, p. 9." "Of all the meteorological elements

"the most trustworthy and safest, in the way of weather

"prognosis, is the direction of motion of the cirrus clouds.

"The clouds are much freer in their movements than the

"wind in the lower strata of the atmosphere, as they are

"not affected by the influence of the mountains, as is the case

"with the wind; they often, by their movements, indicate the

"position of a centre of low pressure, at a time when the

"barometer gives no sign, and its daily range gives no symp-

"tom of disturbance."

The most eminent metecarologists have for a long time

occupied themselves with this matter, and we shall here

cite the work by Prof. Hildebrandsson, Sm*- la distribution

dea Elements M^eoroloj/iques auteur des Minima et des Maxima
barometriques, Upsala 1883. Also Pere Viflez, in his prognostics

which were so well known in Cuba, and so highly thought of

in the United States, made the cloud observations play an

important part.
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We shall bring forward only one instance. On Saturday,

September 13, at a time when no one else thought of it, the

practised eye of Vinez detected that a far distant hurricane

would cross the sea and strike the continent of North America.

The barometer was at its normal level, but at noon some

cirro-stratus came from the NE., the cumulus or lower clouds

came from NE. by N. and the wind from N. by E. At 6 pm
other low clouds appeared near the horizon in the north,

and as the direction of their motion could be determined, he

sent a telegram to Washington saying that a cyclone was

to the northward of the Bahamas, advancing on the Gulf of

Charleston. Next day the indications given by the clouds were

clearer, the cirrus came from NE. by N., the cirro-cumulus

from N. by E. and the wind from NW. The gradual change

in the currents betrayed evidently the influence of the whirl-

wind, whose centre lay in the direction from which the

cirrus clouds came. A few days later the Weather Bulletins

from Washington came in, and the isobars on these on the

IS"" and 11 "• showed clearly, the depression which had been

announced.

We consider that the direction of the cloud motion is

not always a safe indication, but at Manila and in Cuba the

atmospheric phenomena proceed with great regularity; we
are, however, convinced that on the coast of Calabria which

is low and skirted by mountains on the south, an observer

gifted with a practised eye, might foresee with sufficient

certainty the storms coming over Spain from the NW. and W.,

and so give timely warning of their approach, as they cause fright-

ful havoc when they come. The storms from W. and SW.,

also, which strike Ona, cross the sea in lower latitudes than

those which reach the British Isles, and their approach might

be forecasted by means of cloud observations.

We think that not only whirlwinds of large dimensions

like cyclones might be foreseen, but that it would be possible

also to predict smaller and local gales, as for instance the

Galernas (stiff Northeast winds on the coast of Spain).

In general we may assume that we have to do with

true ci7'rus, if their direction differs greatly from the normal,
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and the more so, if convergence and other indications con-

firm the supposition.

Intermediate Clouds. Cirro-cumulus, alto-cumulus
alto-stratus, cumulo-nimbus. An observer who knows

the normal motion of these clouds has a useful means at hand,

if these confirm the directions drawn irom the convergence

of the cirrus, to assure himself as to tho existence of atmos-

pheric disturbances, inasmuch as there is no room for any

further doubt, because these clouds can only first be noticed

in a cyclonic movement when the locality is already in Zone A.

Under such circumstances the observer will have other indi-

cations available, in order to set his doubts at rest, such as

the movements of the barometer, which will shortly be men-

tioned, the movements of the lower clouds, the fine rain &c.

The clouds which usually appear first when the cyclone

is coming over the locahty are the cumulo-nimbus, which are

the most prevalent in the outer zone; the movement of these

clouds is as various, as is the usual movement of such distur-

bances.

The same may be said also of the false cirrus which has

already been mentioned, and of which we shall treat specially

in the next Chapter.

The alto-cumulus, cirro-cumulus and alto-stratus may more

properly be counted among the indications. We wish here

to point out that the cirro-stratus or the dense cirrus sheet

of Pere Vinez are not the cirro-stratus of the international

definitions, but Poey's cirro-stratus; however Vinez differs from

Poey here, in that he takes for cirro-stratus a lesser elevation

than for cirro-cumvlus, and yet this latter is decidedly classed

with the intermediate clouds. Is Vinez cirro-stratus to be

identified with the alto-stratus of the international nomen-

clature? These clouds are in close relation to the centre of

the cyclone, and appear to be attached to it, so that they

thus gain their character of giving indications of its presence.

Pere Vifiez has brought out these relations in a masterly

manner in his laws of cyclonic circulation, which we shall

have only to repeat.
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Lower clouds, cumulus^ nimbus, stratus, cumulo-

stratus. Among this group of lower clouds we class the

fractQ^Qumulys, fract(hnimbiis and the other forms of clouds

which appear when the cyclonic winds freshen up, and usually

drift with great velocity. As regards the fracto-cwnidus,

which is usually seen when the station lies in Zone A, Pere

"Vinez says that it usually moves in a direction divergent from

the cyclonic centre; This statement deserves great attention,

even if it does not exactly agree with the observations of

other phenomena. We have already described in Chapter 3

of Part I, how the locality of the centre may be determioed

from the movement of the lower clouds.

The direction of the lower clouds affords us the best

means of testing the real value of the conclusions drawn

from the direction of the wind, for it often happens that when

Zone A first comes over the station it is no longer possible

to see the intermediate, much less the upper, clouds ; but it

is very rarely that we cannot observe the lower clouds, so

that there is of course always an opportunity of ascertaining

the lower currents or the wind.

Instances taken from practical experience. From

two cases, which we take from the observations for November

1891, we shall see in what way we are to interpret the

indications given by the various cloud forms, so as to follow

the movements of the centre, and also what importance is

to be accorded to the upper wind currents.

Two typhoons passed over the south of Luzon between

the 12"" and 17* of November 1891, and they were most

particularly destructive, inasmuch as they swept over the

two richest provinces of the island, in the south and south-

east. The first had a trajectory from E. to W., and moved
with great velocity to Cochin China; the second moved from

ESE. to WNW. across the provinces to the southward of

Manila and ultimately reached the Gulf of Tonquin. The first

crossed the meridian of Manila in the afternoon of the 13"',
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and the second in the morning of the IG"-. The centre of

the first passed the capital at a distance of 70, the second at

that of 50 nautical miles. On the 10"" cirrus, convergent

towards the SE., was seen and remained visible for 5 hours,

and a convergence towards S, was also observed. The con-

vergence to SE, persisted until the 11"", when the barometer
began to show a tendency to fall. It is remarkable that the

centre lay to the east of Manila; at noon on the ll"", it

was at a distance of 600 miles and had an average velocity

of 13 miles an hour. At such a distance the rotation of the

earth may have had some influence on the deviation of the

eifrus; for it was observed that during the 11"" the cirrus

came from SSE., on the 12"", when the cyclone was quite

close at hand, they came from SE. On the IS"" they were
invisible, but the observer already knew that the cyclone was
approaching from the eastward. On the ll*"", in the afternoon,

the wind came from directions between N. and NE., the

lower clouds from ENE., and the cii^rw from SSE. On the

12"" in the afternoon the cirrus came steadily from SE., and

the cirro-stratris from NE; on this afternoon the centre lay

SE. by E. from Manila and the deviation of the cirrus was

almost nil. At 7 h am. on the 13"" there appeared some lower

clouds, under the mass of nimbiis which drifted at a great

rate from NNE. ; when these fragments of cloud were coming

from NNE., the nimbus, which was above them, came from

NE., but the wind below was from N. or NW.: a splendid

confirmation of the laws of cyclonic circulation! The wind and

the direction of the clouds drew round to E., as the centre

was passing to the South of Manila, so that in the night of

the 13"" the wind came from N., NNE. and NE., and the lower

clouds from ENE. On the morning of the 14"" the direction

of the lower clouds had already got to ESE. while the wind

held in the East up to noon.

In the afternoon of the 14"" an irregularity set in in the

I shift of the currents, the lower clouds and the wind which

ought to have veered to the Southward, backed and came from

ESE. and E.; at the same time the cirro-stratus came also from
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ESE., instead of showing the passage of the cyclone, and

when night came on they had a decided convergence to S.

The explanation of this was a fresh cyclone, which was at

a distance of 500 miles and was advancing towards the

capital, so that the directions which were observed were the

resultants of the currents coming out of the two cyclones.

The wind currents on the IS**" were as follows, the upper

clouds came from SE., in which direction an arborescent

ramification and a convergence of the cirrus appeared; during

the whole day the cuvmlo-stratus and cumulo-nimbus came from

ENE. On the IB"* the sky was overcast, and there was

rain, but at 7 h am. it could be distinguished that the lowest

clouds were coming from N., and that others were coming

at a great velocity from NE., and later on from NE. and E.,

from which points the bulk of the rain clouds drifted. Then

there appeared at various levels individual clouds, moving

at a great rate, and having a direction intermediate between

that of the wind and that of the nimbus.

Fig. 5.

Range of Temperature and Cloudiness (0—10) at Manila.
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Clouds in Manila.') It will not be without interest to give

here (fig. 5 p. 122) the mean cloudiness of Manila for the different

months of the year. In the subjoined diagram it runs

directly contrary to the variations of temperature. For

clearness sake the curve for temperature has been reversed

and inserted below. Amount of cloud January 5.0, February

4,2, March 4.0, April 3.6, May 6.3, June 7.0, July 7.6, August

7.9, September 8.3, October 6.2, November 6.2, December 5.8.

Third Chapter.

The Photography of the clouds and their

use in Forecasting.

Photography of the clouds. — The altitude of the clouds

is ascertained either by trigonometry or with greater accuracy

by photography. At the Observatory in Manila photography

has been in use ever since the 1^' of June 1896 ; it is there-

fore a consequence ofthe International instigation, which proposes

to ascertain by these means the general circulation of the

atmosphere over the whole world, laying down as its basis the

mean altitude, the direction, and the velocity of the clouds.

By means of these researches we obtain most valuable data

as to the altitude and motion of the clouds, and as to the

great atmospheric disturbances between the Tropics.

At present only 16 Central Observatories take a part in

this investigation; they are situated in various latitudes of both

hemispheres; but in the Far East Manila is the only Station.

The Phototheodolites. — The phototheodolites which

the optician, Oscar Giinther of Brunswick, manufactures for

meteorological purposes, are constructed according to the plans

of Professor Koppe, who is the constructor of phototheodolites

in general, a work which he has undertaken at the instigation

Algue, Las Nubes en el Archipielago. p. 32.
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of the Royal Meteorological Institute of Prussia, where three

of these instruments were employed during the international

cloud-year 1896—97 at the Observatory in Potsdam. The

instruments and methods of measurement are minutely described

in Koppe, "•Photogrammetrie und internationale Wolkenmessung
;"

Braunschweig. Vieweg & Sohn, 1896.

The instrument, with regard to the fact of their being

used as station instruments, are of very solid and massive

construction in order to secure that they shall be as much as

possible independent of the influences of wind pressure etc.

Figure 6 shows us the theodolite with the camera removed.

The horizontal circle has a graduated ring of the diameter

of 18 cm, and it, as well as the altitude circle of 12 cm

diameter is divided into half degrees, and each has two

verniers, reading to single minutes. The vertical circle carries

a flying vernier to which is attached a spirit level of great

exactness which secures precision in fixing the camera, inde-

pendent of any levelling errors of the whole instrument. If

in fig. 6 we remove from the horizontal axis the counter-

poise which is necessary for the equilibrium of the camera,

we can use the instrument by the aid of the finder fixed to

the telescope, so as to set it on any cloud points which have

been previously agreed upon.

The cameras are constructed entirely of aluminium;

they are inserted by means of a conical shoulder fitting into

a corresponding opening of the horizontal axis. The fields

of both cameras are constant and exactly of the same size with

in a hundredth of a millimetre; and this simplifies the calcu-

lation of the values found when using linear measurements.

The plates are lightly pressed by springs on three knobs of

steel which serve as bases. Four points (which mark them-

selves on the plate, and are fastened to the plate holder) mark

the positions of the principal horizontal and vertical planes.

In the interior of the camera there are two shutters which

allow only one half of each plate to be used at once. By
these means we are enabled, within the short time of 20 seconds,

to secure two pictures of the same patch of clouds on the
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same plate. If the clouds are moving very rapidly and are

changing, we are nevertheless still enabled by this process

to fix identical points.

Fig. 6.

The most essential part of the construction of these

instruments is the arrangement for measuring the plates through

the object-glass of the camera, which allows of the direct

determination, in angular measurement, of the zenith-distances
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and azimuths of the identical points marked upon the plates

in an extraordinarily simple and accurate way, and without any

calculation whatever.

The rays emanating from any object, concentrate in the

anterior focus of the object-glass, pass as parallel bundles of

rays as far as the posterior focus, and proceed thence to the

plate at the same angle, as that with which they entered the

object-glass. If we now bring the developed plate exactly to

the same place, in which it was lying during the exposure,

and illuminate it from behind, the rays in their return path
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will take the same path out of the object-glass, as they did on

entering it, that is to say, the rays will proceed from the anterior

focus under the same angle, under which they entered it.

This focus has now been transferred to the intersecting point

of the horizontal and vertical axes of the instrument.

The measuring-process is as follows: 1. The plate is

brought into the same position as it occupied at the time of

exposure. 2. The camera is brought by adjustment of the

altitude circle to the same position in space as it had at the

time of exposure, and the horizontal circle is read off. 3. The

telescope (fig. 7) which is moveable, and is attached to the

gimbal b, centred on the anterior focus, is set on one of the

marked points of the plate. 4. The camera is turned until the

intersecting point of the connecting lines of the horizontal and

vertical points marked on the plate, coincides with the cross wires

of the measuring telescope. The difference of the reading of

the horizontal circle, as against the former reading, gives the

deviation in azimuth, the reading of the altitude circle gi^es

the zenith-distance.

For the purpose of such observations, the Observatory at

Manila has established four stations, two of them with a base

of 1702 m, and two with a base of 243 m, only. As it is of

the greatest importance that the photographic picture shall be

made at both stations at the same instant, the stations with

a longer base have been connected by telephone; at the stations

with a shorter basis, however, the caps of the object-glass

are opened simultaneously by electricity. An examination of the

observations showed satisfactory results for both pairs of stations;

the errors of observation compensated themselves to such an

extent that there was a possibility of fixing the mean altitudes

of the various types of clouds with great accuracy.

1. The photogxaphic measurements give the direction in

which the clouds move in a very accurate way, and this is

of the greatest importance for weather forecasting. 2. Photo-

graphy provides us with the means of determining the incli-

nation of the cyclonic axis; we therefore can decide before

hand which side of the cyclone field will probably be the most
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destructive. 3. By measuring the altitude, and fixing the

direction in which the cirri move, it is possible to distinguish

between the true and the false cirrus.

Some examples, showing the importance of photo-

graphic measurements with regard to weather fore-

casting. — The first typhoon which was felt in Manila after

it became possible to fix the altitude of clouds photographically,

crossed the south of Luzon in the vicinity of Batangas, and

reached the Ocean after having caused between Punta Santiago

and Punta Restinga more than 25 shipwrecks in the inland

sea; this cyclone was one of the most violent which visited

the Archipelago during 1896. On the 4"" cloud altitudes were

photographically measured; the plates showed symmetric regions

which belonged to cirrus, and two regions which belonged to

cirro-stratus. The centre was more than 500 nautical miles

distant, and the barometer showed no symptoms whatever of

the existence of a storm-field, so that the Observatory was able

to report in the newspaper: "Barometer rising over the whole

Island." At 10 o'clock it looked soriiewhat suspicious, but

there was no certain indication, so that the Report was: "Baro-

meter high, but not very steady; weather uncertain." It was

not until the 5* that the approach of the typhoon was recog-

nised by the usual indications of the apparatus, especially,

however, by the photographic pictures of the 4"^. The cirrus

and its direction allowed of no further doubt that it owed its

origin to the action of a typhoon.

4"" June, 1896, 4 h 35 m pm.

Type

of clouds



129

the horizon. The order in the column d gives the quadrant,

in which the centre of the symmetrical points, of which the

group in the cloud consists, projects itself on the horizon.

The figure in the same column expresses in metres the

distance of the projection from the southern station. The
same designations apply to the subsequent tables.

It must be remembered that a convergence of the drrtis

toward the E was observed on the 4*, although at this date the

centre was situated to the SE. of Manila; but if we bear in

mind the great distance, this may have been caused by the

upper normal air currents which in June come from the ENE.,

in conjunction with the rotation of the earth.

"We have another excellent example during the sam©
month. On the IS"" and li"" a depression was developed!

in the south of the China Sea: the cirrm which was measured
at Manila on the IS"", showed the centre which was there being

formed; the cirrus of the 14"" indicated a progressive move-
ment of the typhoon Avhich, according to a note issued by
the Observatory, was moving away from the Archipelago on
on the 16"".

1
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the extreme NE. of Luzon three days later, and it was marked

by a very low barometer; the glass fell down to 716 mm
at Aparrl. On the 27* the body of cirriLs came from NNE., the

seat of tlie centre, which passed near Aparri at noon on the 28"".

The note from the Obsers'atory on the 28"' read as follows:

"Barometer very low, but shows a tendency to rise; the

storm-field has reached the island this morning in the Province

of Cagayan, and is of great intensity."

The S.-Cu. came in the fourth quadrant on the 29*, from

SSW., the centre being at the time to the NW. of Manila;

this gives another proof of the fact that the direction of the

winds as well as that of the clouds in the rear of a cyclone

are convergent.

^
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it was possible to issue the warning: "The barometers are

falling again, and there is a depression in the ENE, over the

Pacific, direction of the wind from the NW. quadrant." This

typhoon reached the "Celestial Empire" at a short distance to

the north of the island of Hainan.

When the typhoon was crossing Luzon on the 4"", another

one of no less violence was forming itself to the east of the

Mariana Islands. The pi-esence of this new cyclone was

also detected by the state of the clouds. On the morning of

the T^ four groups of Ci.-Cu. were measured, they travelled

slowly from the ENE., and their altitude was, with regard

to this form of cloud, very slight; we considered that there was a

centre in the E. or ESE. The typhoon reached the shore to

the north and near Gasigura, striking the China Sea to the

South ofVigan; when it was moving off from the Archipelagus

on the lO**", a convergence of cimu-clouds was noticed in

the NW.; they were formed at the rear of the cyclone by

the highest wind currents, and their altitude was over 15 000 m.

This typhoon, when in the China Sea, recurved in the

Formosa Channel, as may be seen from the observations of

the French cruiser Islt/, which was between Formosa and

the NE.-coast of Luzon on the lO'**, bound for Manila.

October 1896.

5-

a
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The two last decades of June and July of 1897 exhibited

great atmospheric activity, and they were therefore especially

adapted to show that we are enabled to fix not only the altitude

and direction of the clouds of a single cyclone by the photo-

graphic method, but that we are also justified in drawing

from them a conclusion as to the existence, the place, and

the character of various centres of typhoons, which may

appear simultaneously.

At 4 o'clock in the afternoon, on June 19, two cyclones

existed simultaneously, making their influence felt in the

Archipelago ; one of these was over the Pacific, NE. of Manila,

the other almost due W. over the China Sea. The photo-

graphic observations of the 19"^ give us information as to

the altitude and the direction of the cirrus, radiating from the

Pacific centre. On the 20"*, at 4 pm., the China Sea centre

was at a considerable distance and off Cape Bojador, NW. by N.

of Manila; the Pacific centre had but little increased in width

and lay at the same time in the Bashi-Channel and to the

NE. by N. of Manila. If we examine the cloud measurements

of the 20**', we shall find that the group of the Cu. belong

to the China Sea typhoon, the group of the Ci., however, to

the Pacific centre. It is very noteworthy that the cirrus of

the 20''' were almost twice as elevated as those of the 19'^;

they indicate the progressive movements by their changes of

direction, and the change in position of the axis of the storm

field by their changes in altitude. On the 21^* the China Sea

typhoon was approaching the S. of Formosa; the Pacific cyclone

was advancing towards Japan, and at 4 pm. it was already

more than 900 nautical miles distant from Manila. The Cu.,

which were measured at 9 am on the 21^', belong to the

China Sea typhoon, which was already about 300 miles distant

from Manila. The China Sea centre was almost stationary on

the 21»* and 22'"'; so that the Cu. and N. could hardly alter

their direction.

The photographic pictures were made: On the 19* at

lib 15' am; on the 20"' at 8h 54' am; on the 21" at 9h 30' am;

on the 22"'^ at 11 h 40' am; on the 26'^ at 9h am; on the 29'"

at 10th 46' am.
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June 1897.

a
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was revealed through the cirrus and cirro-stratus, and which

were moving at a rate of only 12 metres p. s. from the

NEbE.; on July 2 the cirrus came almost from the N., and

we found that the cyclone at this time was already crossing

the south of Formosa.

The last decade of July 1897 was not less characterised

by cyclonic activity: three cyclones were making their influence

felt in the Archipelago on the 23''*; one of these lay over the

Pacific, NEbE. of Manila, the second lay to the SWbW., and

finally the third to the NW.
Of the photographs taken on the 23"* and 24*^, the

cirrus observed on the morning of the 23'"'* belong to the

Pacific cyclone, the cirro-cumulus and the cumitius, however,

to the centre situated to the NW., the influence of which was

felt over the part of the ocean, where the cruiser Christine

was on her voyage from Hongkong to Manila on the morning

of the 24""; this can be proved by the observations made by

the Captain of the vessel, which he placed at the disposal of

the Observatory. The cirrus measured on the 24* originated

likewise in the Pacific cyclone, the cumulus, however, without

any doubt, came from the centre which was to the W. of

Manila on the 26"'.

The photographs were taken: on the 2°'' at 3h 54' pm.,

on the 28'* at lOh 57, am, and on the 24"" at 11 h 87, am

July 1897.

a
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The determination of the inclination of the cyclone

axis by cloud photography. — A relation exists between

the altitude of the clouds and the inclination of the cyclonic

axis; and this is already apparent from Plate 2. If e. g., the

axis has an inclination towards the direction of the cyclones'

advance, the height of the cirrus is shown by the line mp;

if, however, it is perpendicular, the altitude will increase

by pn, and will therefore reach mn. If the axis has an inclination

towards any of the quadrants, the altitude of the cirrus will

decrease in that quadrant, and, as a consequence, the altitudes

of the other clouds also; in the opposite quadrant, however,

the altitudes of the various clouds will increase, and an

influence, corresponding to their position, must therefore like-

wise be felt in both the other quadrants. If, therefore, the

mean cloud altitudes are known, we can, from any considerable

decrease or increase of the altitude, draw a conclusion as to

the inclination of the axis to the one side or to the other,

and for this purpose a single picture is sufficient. But as

the stronger winds must appear on the side, towards which

the axis is incUned, we can determine beforehand by the

photographic pictures, on which side of the cyclone the

strongest winds will appear.

As to the cyclone which passed over Aparri on the 28"'

July 1896 we have said, that the axis had an inclination

towards the rear, and this is confirmed by the cloud

measurements. On the 25"' the altitude of the Ci.-Cu, was

fixed at 8600 m; this altitude justifies the conclusion that

the axis is inclined towards the opposite side, a conclusion

which is fully justified by the measurements of the Ci.-ou., as

they showed an altitude which was lower by 3 kilometres.

We find another example of this description in the photo-

graphic measurements of the 7"" and 10"" of October 1896.

When dealing with the measurements of the 7*'' October we

said that the cirro-cumulus were moving at a low level; the

reason for that was, undoubtedly, that at that time the axis of

the cyclone showed an inclination, and that towards the

Archipelago. The axis kept this inclination in the Pacific up
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to the 9*, because the winds in the front were the strongest

at the most easterly stations in the north, as, for instance,

at Aparri and Tuguegarao. The inclination of the axis must,

nevertheless, have changed itself greatly, because of the centre

being in the interior of the island, to which conclusion we
are brought by the violence of the winds at Vigan and Bolinao.

During this time there was no chance of making photographic

measurements, for the sky was overcast and there were

incessant squalls. On the 10"", however, the altitude of the

cirriis was fixed at more than 15 km, which is considerably

higher than its normal level, and inclines one to the conclusion,

that the axis had again assumed the incUnation toward the

front quadrants which it also exhibited over the Pacific. The

conditions of the wuid at Vigan on the morning of the lO""

confirm this supposition. Early in the morning the winds

were very strong, but they had considerably moderated at 10

o'clock, the barometer then being still very low, so that at

the time of the measurement of the clouds at Manila, at

llh 37' am., no strong winds were blowing at Vigan; the axis

of the cyclone must, therefore, have had an inclination towards

the front quadrant.

If we compare with each other the published photographic

observations of the lO"- and 20*'' June 1897, we shall find

that the cirrus of the 20"' are twice as high as those of the

19*. Here we have decidedly an inclination of the cyclone

axis towards the front of the whirl, and a further proof for

this assertion is afforded by the observations of the lower air-

currents at Aparri, the station which lies nearest to the centre

of the Pacific.

In the outer circle of the cyclone the influence of the

inclination of the axis is but little felt, it grows with the

approach towards the centre. Corresponding to the whole
structure of the cyclone, the change in the inclination of the

axis, or the nutation, must take place but slowly and gradually

when crossing over sea and land, or over plains and mountain-
chains; it must be dependent on the greater or lesser resistance

to its progress which the cyclone experiences.
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The distinction between the true and false cirrus
as shown by photography. — The question has finally to

be answered, whether the measurements of the altitudes of

clouds offer us a useful method, of distinguishing the true

from the false cirrus.

We must admit, that this mode of determination is of no
practical value to sailors, because it is impossible to execute

such measurements on board ship. And sailors likewise are

unable to draw any benefit from the othei" two matters which

we have discussed in this Chapter, because we have had to

deal with new methods, by the aid of which we can at fixed

Observatories, by means of the photography of clouds, foretell

the approach of an atmospheric disturbance, and the probable

dangers which it implies.

In order to distinguish the true from the false cirrus,

sailors will abide by the symptoms already mentioned:

1. — If we observe that the convergent cirrus are

supported on masses of cumulo-niinbus, they are false.

2. — If we observe that the convergent cirrus does

not belong to the masses of cumulo-nimbus, and we further-

more observe that the convergence is a very lasting one, we
have to deal with true cirrus, which are moving slowly.

3. — If the convergence is not lasting; we cannot

conclude that the cirrus are false, but in this case there remain

for the sailor some means of aid: a) If the nucleus of the

convergent cirrus moves on rapidly we are justified in con-

cluding that the cirrus are false; b) If the nucleus follows

the direction of the cumulo-nimiius, even if the movement is

not rapid, the cirrus are also false; c) But if the convergence

is of no duration, because the cirrus disappears when the sun

has a high altitude, which sometimes happens, we are unable

to come to any final decision. If the cirrus appears in almost

the same position, when the sun is setting, we may conclude

that they are true ones. If the c^VrM« disappears, because

other clouds are forcing themselves underneath them, a final

decision is also impossible, and the observer must wait for

their reappearance.
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4. — If we notice the same convergence from stations that

are far distant from each other, true cirrua are the cause for

its origm. This symptom is, however, only applicable to the

Central Observatories, which are in telegraphic connection

with the respective stations.

But in order to return to the main point at issue: During

the time from June 1896 to the 31'» July 1897 it was found

that the altitude of the false cirrus was considerably less than

that of the true cirrus. The latter have a mean altitude of

about 11 kilometres, the false cirrua do not exceed, on the

other hand, the altitude of clouds of intermediate altitude

(7 kilometres). Thence it follows that in doubtful cases we
may, generally speaking, suppose that the cirrus are true, if

their altitudes exceeds 11 Kilometres. We must remark that

during May, July, and November the false cirrus appear at

greater altitudes. If we, therefore, during one of these months

are in a position to distinguish the cirrus, we have over and

above the altitude some other means in the symptoms above

mentioned, in order to come to a certain conclusion.

But there is another circumstance which allows us to

obtain information as to the character of the cirrus, i. e. the

direction of its movement. If this be ascending, and the

altitude not very great, then the cirrus are most likely false.

Of 23 photographic observations of false cirrtis, only three had

a descending movement.

It hence follows that the altitude and the direction of

the motion offer us methods of distinguishing between both

sorts of clouds.

Fourth Chapter.

Indications given by the lower air currents

or by the directions of tlte wind.

The Changeableness ofthe wind direction. — It is evident

that the lower air currents are most influenced by exterior
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circumstances, such as are due to unequal friction against the

various elevations and depressions, to the topographical

conditions of the countries, to the transition from tho sea to

continents or islands, or as they make their influence felt in

consequence of variations in the thermal and hygrometrical

conditions of land and sea, and of other similar causes. The

lower air-currents offer us, nevertheless, direct symptoms,

although they are not to be counted among the indications,

and conclusions drawn from them are of value only when
the observer has already entered the area of the cyclone.

The direction of the wind on the open sea. —
On the open sea the data drawn from the lower air-currents

are of an equal, and even of a higher value, than those drawn

from the upper currents; inasmuch as they are scarcely

affected by disturbing influences. As the sailor is unable to

make any observations on the upper currents, when the

danger approaches him, and has to form a decided opinion,

he must consult the valuable data supplied by the lower currents,

and this is the very reason why they are turned to such

good account for the cyclonometer.

The Conditions necessary in oder to profit by the direc-

tions of the wind. — The first condition necessary, in order to

make use of these as an indication of the approach of a

cyclone, is a thorough knowledge of the normal relations of

the winds of the particular region. All that has hitherto been

published about the general and local normal air currents, at

any rate as far as the zone of the Archipelago is concerned,

is so incomplete, that it is necessary to treat them here more

in detail.

The general normal and local air currents. — We
draw a distinction between General winds, or Trade-winds,

which are caused by the thermal difference between the polar

and equatorial regions, and Local winds, which are caused by

the various thermal conditions of the continents and oceans,

or of islands and the adjacent seas. If these difl'erences last

for some time, these winds are called "Monsoons"; but if
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these heat variations have a diurnal period, the winds are

termed "sea breezes" or "mountain winds".

There is no essential difference between these breezes

and Monsoons; they are only distinguished from each other

by the duration of the period and the changes which take

place, and also by their greater or lesser extension. The

essential difference between the General winds, or Trade-winds,

and the Monsoons is, that the General winds owe their origin

to the normal differences of temperature which are due to

differences of latitude, whilst the Monsoons are due not to

the differences of normal temperatures inter se, but to the

differences between these and the temperatures which are

generated by local causes, and which are more or less

independent of the latitude. Such local causes, however, are:

Elevations and depressions of the land, large and small

continents and seas, the vicinity of large continents or

extensive oceans, etc.

It may easily come about that the general winds and

the Monsoons may, under given conditions, take the same

direction or that they may affect each other's direction.

The noFmal conditions of the winds. — According to

theory, the Trade-winds should blow throughout the whole year

from a Northerly direction, and, that owing to the rotation of

the earth, they should come from the NE. This should be the

case on the Northern Hemisphere in the Trade wind region,

and should therefore be also applicable to the Philippines;

but here local causes come into action and alter this

normal direction. Let us take as an example for the mean
atmospheric movement over the Philippines that which is

observed at Manila, which according to its latitude, lies about

in the centre of the Archipelago, if we include the Batanes

Islands. It is only during the months of October, November,
December, January, and February that the winds come from
the NE., in March and April they still blow from an Easterly

direction, but during the rest of the year they come from a

Southerly point, from SE. to SW.
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Are the local winds of the Philippines true Monsoons?
— The normal NE.-winds or Trade winds are here called the

NE.-Monsoon. During the months from October to March

northerly air currents are produced here by the great contrasts

in temperature between the Archipelago and the immense

Continent of Asia, in the interior of which very severe cold

prevails at that season, and these are diverted by the earth's

rotation to the Eastward. These currents freshen the normal

currents of the Trade-winds blowing in the same direction,

so that during those months the NE.-winds are occasionally

very strong, as may be experienced at sea and on the East

coasts of the islands. From this point of view, we may well

call the NE.-Trade-winds Monsoons.

In march the Continent of Asia commences to rise in

temperature, and the Continents of Borneo and Australia in the

Southern Hemisphere begin to grow colder; accordingly, as the

cause by which the NE. wind is generated disappears, the

wind itself decreases; while the SE. Trade wind of the Southern

Hemisphere freshens up, and extends its sphere of influence

across the Equator to such a distance, that it prevails over

the whole region of the Philippines, and the southern part

of the China sea. The wind which blows at Manila from

March to June is incorrectly termed SE. Monsoon, as it

represents nothing else than the Trade wind of the Southern

Hemisphere, which has been increased in force by a Monsoon,

and which has displaced the weakened air currents of the

Northern Hemisphere.

Are the SW. winds which appear during a certain seasoii

of the year in the sea of the Archipelago and in the tropical

parts of the China sea, true Monsoons? In our opinion

they are not; they owe their origin, on the contrary, to

cyclones, or at least to atmospheric disturbances. If this is

the case, it is of but little consequence, whether we call

these air currents Monsoons or not; on the contrary, it is

much more important, to prove, by the frequency and the

strength of these currents the existence of a cyclone or of ah

atmospheric disturbance, and thereby give an illustration of
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their importance as indications of a depression. According to

the general opinion of authors, the SW. Monsoons sets in in

May; it must therefore have reached its full power in June,

but this is not the case at Manila, according to many years

accurate observations. In order to produce proofe for this

assertion, it will he sufficient to give a few paragraphs from

the Review for June, for various years.

In the "Reoista meteorolopica de Junto de 1900" was

said: What so often attracts our attention is that the winds

of the second quadrant prevail at a period which (according

to the view of many authors) belongs entirely to the SW.

Monsoon. This is of great interest for general meteorology

if we keep the above-mentioned depressions in memory, and

it should not be left unnoticed when dealing with the move-

ments of the atmosphere.

June 1892: Although we have entered into the period of

the SW. Monsoon, the wind directions of the second quadrant

are still prevalent; this may said not only as to the lower

winds but as to the upper currents, which move the clouds.

This phenomenon is explained by the two principal atmospheric

disturbances which were observed over Luzon; their centre

of lowest pressure lay over the China sea. As soon as

the centre of disturbance of the first eddy reached the North

of Luzon, the winds naturally came from the third quadrant.

June 1893: The meteorological observations of the month

have again shown that the direction of the Monsoon is by no

means mathematically fixed, as many authors assert; for in

the depressions which crossed the islands in May, the air

currents of the first and second quadrants have again appeared

in much the same way, as was probably the case in the middle

of April.

June 1894: By the study of the direction of the sea

surface currents and the lower clouds, we may draw the

important conclusion, that in the month of June the currents

from the third quarter appear much more under abnormal

than under normal conditions of the atmosphere. We shall

confine ourselves to the Junes of 1890 to 1894. June 1890

was a month which showed so little atmospheric activity
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that the absolute minimum did not fell below 29;73 ins, owing to

the influence of slight depressions, the barometer from the
2»d to the 5"", the IS* to the 15"-, and on the 22"'» the 25*^ was

comparatively low; on these days winds from the third quadrant

were also prevalent, on the other days they however, and

likewise the clouds came from the second quadrant. In Jime

1891 the atmospheric activity, it is true, was not specially

intense, for the barometer fell only to 29.72 ins, but it was

of long duration, because of the continuation of the low baro-

meter from the e"" to the 17*, and from the 20*^ to the end

of the month, and on all these days, the lower air currents came

from the third quadrant; the winds had, by appUcation of

Lambert's formula, a mean direction from SW., and the clouds

from WSW. During June 1892 the winds were under the

influence of an atmospheric disturbance, by which the barometer

fell to 29.64 ins from the 6* to the 12"', and blew from

the third quadrant. We do not wish in in any way to

maintain that Southwesterly winds must blow in every

atmospheric disturbance; it is of course imderstood that, if

a cyclone is forming itself in the South of Manila, or if one

crosses the southern part of the Archipelago, the winds must

blow from the first and second, or from the first quadrant

only. This was the case in June 1892, and still more in

June 1893, during which, by the influence of small cyclones

which formed themselves in the Sulu Sea and in the China

Sea, the resultant of the lower air currents and the clouds lay in

the first quadrant.

If we examine the wind conditions of June 1897*), we
shall find that during the first two decades the winds, vnthout

any exception, came from an Easterly dfrection, or from the

second quadrant, and that during the third decade of the

month they came from a South-westerly dfrection, or from

the thfrd quadrant, and this in consequence of various de-

pressions which passed by to the Northward. If on the

4*'', S*"", G**", 11*'', and 12'*' June the wind blew occasionally

from the thfrd quadrant, the reason of this must be

') Boktin Mensud, June 1897.
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looked for iii two cyclones which passed far to the North.

It is but natural that the wind took this direction during

the period of the sea breeze which at Manila blows from the

third quadrant. In June the SW. Monsoon is not prevalent,

any Southwesterly direction of the wind owes its origin to

cyclones.

At Manila, therefore, in June the winds of the third do

not prevail, but those of the second quadrant instead, so that

we must not count the winds blowing occasionally from the

third quadrant as true Monsoons ; they are nothing else but

the effect of atmospheric disturbances. If we go a step

further, and suppose, that our assertion has not been proved

by what has been said, and that the SW. Monsoon in the

Philippines is only delayed in its arrival, and that the SE.

Trade wind still prevails in June. But if we determine the mean

frequency of the winds direction for June, we shall find

that this is not the case. We have drawn up a table from

the observations published in the "Boletines mensuales del

Observatorio", but have omitted the days which evidently

were affected by cyclones, but not, however, the Southwest-

winds which must be assigned to the sea breeze.

Frequency of the direetion of the winds at Manila

during July.

„ „ N. NW. W. SW. S. SE. E. NE.Year calms
NNW. WNW. WSW. SSW. SSE. ESE. ENE. NNE.

1890 1.7 1.6 0.3 0.9 1.6 0.9 1.5 1.3 3.7

1891 1.0 1.1 0.4 0.6 4.4 1.4 — 0.5 3.9

1892 1.4 0.6 0.5 0.7 3.1 1.6 3.1 1.7 2.3

1893 2.0 1.5 1.3 1.0 1.5 1.5 2.2 3.2 1.9

1894 1.3 1.4 1.3 0.7 2.5 1.2 1.4 2.2 4.2

1895 0.8 0.6 1.1 0.8 1.8 0.9 0.9 1.7 6.3

1896 1.5 1.9 1.0 0.8 2.5 2.7 1.1 1.8 3.8

Total 9.7 8.6 5.9 5.5 17.4 10.2 10.2 12.4 25.6

Mean 1.4 1.2 0.8 0.8 2.5 1.5 1.5 1.8 3.7
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The table shows that the winds which are prevalent in

July come in normal seasons from the second quadrant, or that

they are the Trade-winds of the Southern Hemisphere; the

South-westerly winds of July are, therefore, not true Monsoons.

We shall get similar results if we examine the meteoro-

logical observations for the months of August and September.

But the proof is still more conclusive, if we remember that

the inhabitants of the west- coast of Luzon who belong to

the Indian race, use the month of August, in order to

visit with their boats various harbours of the South, so as,

to quote their own words, to make use of the little Monsoon,

or else the winds of the first, and sometimes of the second,

quadrant, the Easterly wmds. In consequence of the rarity of

depressions, winds of the third quadrant but seldom, indeed,

make their appearance in August, which, had they in reality

been Monsoons of the China sea, would not have led to such

a wide-spread belief among the natives.

What we have said will suffice in order to justifv our

assertion, especially as according to the opinion of those

who have studied the Monsoons, this wind ought in July

to have reached its full predominance over our Archipelago.

But there are still other sound reasons which may be adduced.

Supposing, that the winds of the third quadrant in the Philippines

and the China sea were true Monsoons, and so were perio-

dical and regular winds, owing their origin to a disturbance

of thermal equilibrium, but owing to the same action, differing

from that which gives rise to the Trade wind, there is no

sufficient reason for their extension being so limited, as is

the case in the South of the China sea and in our Archipelago.

How does it happen that neither in the Western Carolina

Islands, for instance, nor in the Batanes Islands, nor in the

Channels of Bashi and Ballingtan, nor on the coast of China

commencing with the 20* parallel, and in other neighbouring

regions and seas having the same physical conditions as our

Archipelago, do any winds of the third quadrant prevail during

June, July, August, and September, but instead only Easterly

winds?

10
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We cannot say that the SW. Monsoon in the Phihppines

and in the China sea owes its origin to the influence of the

true Monsoon of the Indian Ocean. If this were the case, the

Monsoon must also be felt over the seas and lands lying be-

tween; but neither on the West coasts of the North of Borneo

and the adjoining seas, nor in the whole Straits of Malacca

and the countries adjacent thereto, nor in Sumatra, do any

winds from the third quadrant blow from June till AugTist,

but only the Trade winds of the Southern Hemisphere.

From all that has been said we must come to the con-

clusion that the winds of the third quadrant which prevail

in the Philippines during June, August, and September, are

not Monsoons, but winds of a cyclonic character. What con-

tinuous atmospheric disturbances must, however, exist over

the Archipelago and the South of the China sea, in order

that these winds can be prevalent for such a length of time?

If we examine the tracks of the cyclones which we have

given in this book, we shall find: 1. We meet the centres

which cross the Archipelago in the months of July, August,

and September at least in the latitude of 12 " N. ; accordingly

the influence of the cyclones must make itself felt in such a

manner, from the time of their entry into the region of the

Archipelago up to the time in which they reach the Continent,

that the corresponding cyclonic winds, the winds of the third

quadrant, shall develop themselves in the greater part of the

Archipelago, and in the South of the China Sea for an interval

of several days. — 2. The cyclones recurve in the three

months in the W., and in the vicinity of the Bashi Islands;

the consequence is a long continued influence, felt over the

whole Archipelago and the South of the China Sea, it

may be that the process of recurving takes place slowly,

it sometimes takes five days, — or it may be that the tracks

are greatly inclined towards N., and that thereby the effect

is still prolonged. In this manner it is possible that a single

storm field often lasts for 12, 14, and even more days. If

now, as is really the fact, one cyclone may follow another

at intervals of four or five days only during these three



- 147 -

months, it is easy to understand that the SW. winds may
blow for a great many days.

Moreover centres of depression appear frequently in

June and July in the NW., N., and NNE. of Luzon, developing

themselves slowly and remain for a time fixed for several

days. They have as a consequence air-currents and squalls

belonging to the third quadrant. They are known among the

natives as "collas" (strealc-winds), and are generated either

by the influence of one or more depressions, travelling slowly

to the Northward, or by a depression which is recurving

slowly, and is advancing to the N., or else, finally, by a centre

which is not changing its position; their influence however is

always felt for a long time in winds and squalls from the

third quadrant.

Experience teaches us that at Manila (and we suppose

that this is also the case in the China sea), when a cyclone

appears to the E. of Luzon over the Pacific, the winds of

the third quadrant advance in such a manner that not only

is a complete convergence brought about, but that the winds

of the third quadrant already commence to predominate, if the

centre lies exactly to the East of the observer. It is, on the

other hand, a guaranteed fact that the advance of the SW.
winds in Manila is all the more marked, the greater the angle

which the tangent to the track makes with the latitude.

This angle increases from April to August, and hence it

follows that during this period the SW.-winds gradually become

more frequent. But what is the reason of this strange phe-

nomenon? We must look for it in the SE. Trade-wind only,

which certainly is the normal wind for the months of April,

May and June, and most probably for July and August also. If a

cyclone approaches the observer from the East, light winds

would have to set in from the fourth quadrant, as long as

the storm remains at a considerable distance; this is, however

not the case, as experience teaches. On the contrary, we

always notice a backing of the winds towards the third qua-

drant. But this cannot be explained in any other way than

that the winds of the fourth quadrant, diverted by the SE.

Trade, give as a resultant a wind-direction from the third

10*
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quadrant. And as the Trades are, as to their nature, light, it

is easily intelligible that they can exercise influence only

upon the outermost cyclonic winds.

Practical Conclusion. — If winds blow for a long time

from the third quarter in the China Sea or in the Archipelago,

— these must not be confounded with the ordinary land-

and sea-breezes, — they are a sign that in the quadrant

lying to the north of the observer, there is a depression, which

is more or less distant, according to the readings of the

barometer.

The Direction of the Wind as an indication. — A

sailor who in the seas neighbouring the Philippines suspects

that he is within the influence of a far distant cyclone, has

before everything else to settle the question, whether the

prevailing winds are normal or not. For this purpose he will

do best to make use of the graphical representation of the

directions of the wind and the clouds at Manila (Plates 17

and 18). He must not however forget that the winds from

the third quadrant are suspicious, but that however the winds of

the fourth quadrant are still more so, because there is no season

in which they predominate.

We have, according to calculation and observation, graphi-

cally represented in a diagram the directions of the wind all

round the centre of a cyclone, dividing the eddy from the

outside to the centre into the zones A, B, G, D. By the aid

of the figure we are enabled, from the direction of the wind

and the readings of the barometer, to find the direction in

which the cyclone lies, and its distance also.

1. Should within the range of a cyclone we observe

winds between the NW. and NE., we may be sure, that the

centre lies in the direction of the second quadrant, and that

it is approaching.

2. The observer is in the zones A, B, C:

a) Wind NW.-SW., the centre approaching the meridian

of the observer in the North.

b) Wind SW. (with a tendency to S.), the centre

has passed by to the North.
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c) Wind from the first quadrant or a Northerly direc-

tion (with a tendence to E.), the centre is approach-

ing the meridian of the observer in the S.

d) "Wind between NE. and SE., the centre has passed

by to the S.

3. The observer is in the zones A, B, C:

a) "Wind from the fourth quadrant or a Westerly

direction, veering towards the third (barometer

steady or rising), the centre is recurving to the

E. of the observer.

b) Wind from the second quadrant or an Easterly

direction, backing towards the third (barometer

steady or falling), the centre is recurving to the

W. of the observer.

4. The observer is in zone D:

a) If the sky clears up and the wind falls, the centre

is passing over the place of observation.

b) If the wind be veering from N. to S. by way

of W., the centre is passing close to the place

to the North of it.

c) If the wind is backing from N. to S. by way of

E., the centre is passing close to the place in the S.

These rules are especially valuable for the use at sea,

as there no topographical conditions can exert any influence

upon the air-currents, as is the case on shore. We intend

to discuss the simultaneous influence of several centres, when

dealing with their anomalies. If the observer is in doubt as

to the data of the wind directions, he has only to return

to the data of the direction of the motion of the clouds.

Fifth Chapter:

Indications given by the Barometer.

As we have shown in Chapter 4 of the first Section, the

rise and fall of the barometer is, strictly speaking, no positive
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test but is, nevertheless, an indication of the greatest importance.

We do not intend to speak here of the extraordinary advantages

which may be derived from barometrical observations made

simultaneously at many stations, and which, when transmitted

by telegraph to a Central Observatory, are of the highest

value, in order to facilitate the recognition of an atmospheric

disturbance, and to follow its advance; we vnsh only to call

special attention here to the advantage which an isolated

observer, a sailor, can derive from the instrument by ob-

ser^'ing it.

The baFometrical eorreetion, and the normal reading-

of the barometer on the place of observation. — The

observer must first of all be acquainted with the barometrical

correction. There exists a wide spread error among ships

captains that it is not necessary to know the absolute readings,

but that it is sufficient to determine the relative readings of

the barometer. A captain who knows what correction he has to

apply when reading his barometer, is in a position to say, from the

lesser or greater fall of his barometer, whether it is caused by a

high-pressure area which is moving off, or by a low pressure

area which is approaching. The uncorrected barometer also

gives the same ^^ariations, but we are exposed to very great

deceptions in drawing our conclusions, which may easily expose

us to dangers.

A knowledge of the normal level of the barometer in

the district where the observer is situated at the time is

moreover absolutely necessary. From the barometrical

conditions of the principal places in the "Far East" which

are arranged in a Table on pages 152— 157, we can easily

find the normal level of the barometer either by direct reading,

or at any rate by interpolation. For the Archipelago and the

adjacent seas we can establish the rule that the mean of the

observations at 10 am and 4 pm with Southerly winds, and

the mean of the observations at 10 am and 3 pm with

Northerly winds, gives us the daily mean in normal seasons.

In order to be able to find the daily mean from a barometrical

observation, we have calculated for some stations (tables p.

160—164) the daily march of the barometer. The minus sign
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indicates that at that particular hour the barometer stands

below the mean by the amount stated in figures; there is

however, no certainty that the barometer rises above the mean
by the amount stated in figures. In the first instance we
have to add the number, in the second we have to subtract it.

Limit of the barometer readings in Zone A at

various latitudes. — "We have put down, for the sake of

convenience, the mean readings of the barometer which may
occur any day, according to months, for the lowest reading

(Tables p. 152—157), and then combined these into groups,

the mean values of which give the barometrical levels be-

longing to the outermost zone of the cyclones in the different

seasons, and at various latitudes from 4*' N. up to 45" N.

With reference to these Tables we make the following

remarks

:

a) The data corresponding to the latitudes 4" to 21° N.

have reference to the Archipelago itself; for that the material

is abundant, as the variations of the barometer take place in

this region with greater regularity than elsewhere. The mean
values derived from the latitudes 32"—50" N. deserve the least

confidence but nevertheless they give valuable information to

the observer.

b) More important differences appear owing to the influ-

ence of the Continent, between the places situated in the

interior or on the coast of the Continent, and on the islands

further distant from it as, for instance, between Nagasaki and

Shanghai (Zikawei), although the latitude of the places differs

but little. The variation in the mean barometer level is still

greater between Chefoo or Tokio, which lie nearly on the same

parallel, but are separated from each other by eighteen degrees

of longitude. We must remember that commencing with the

Ballingtang Channel, during the months of the first group, the

barometer levels in the ports of the China coast are higher

in equal latitudes than in the places situated further to the East.
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Mean Barometer levels for the lowest^

Place N. L. E. L. of Gr. January February March

Singapore. .

Sandakan ....
Jolo

Sigaboy

Isabela Bas. . .

Zamboanga . . .

JIati

Ape (monte) . .

Davao

Caraga

Punsan Pta. . .

Korror

Tamontaca . . .

Pulo Obi ... .

Tagoloan ....
Dapitan

Tandag

Yap

Gigaquit . . .

Taganaan ....
Surigao

Dinagat

Sapatu

Cebu

Cape St. James

Carlota '.

. .

Iloilo

Saigon

Cape Padaran .

Cabayoc

Batag

Cape Varella . .

Banton

Albay

flnam (Carolina Islands)

Tabaco

Batangas ....
Pta. Santiago. .

Taal

Cabro (Ligkthouie)

JO 17/

50 40'

6" 3'

60 36'

60 43'

60 54'

60 56'

60 58'

70 1'

70 15'

70 15'

70 20'

70 11'

80 27'

8" 33'

80 40'

90 2'

9029'

90 32'

90441

9047'

9058'

9059'

IQO 18'

100 20'

100 25'

100 42<

100 47'

110 35'

120 fii

120 40'

120 54'

120 56'

130 9'

130 28'

130 21'

130 45'

130 46'

130 53'

130 54'

1030 51'

1180 3'

1200 59'

1260 7'

121" 5'

122° 3'

1260 14'

1250 8'

1250 35'

1260 30'

1260 33'

1340 34'

1240 9'

1040 51'

1240 40'

1230 23'

1260 10'

1380 6'

1250 44'

1250 32'

1250 29'

1250 35'

1090 3'

1230 54'

1070 5'

1230 1'

1220 35'

1060 42'

1090 9'

1240 38'

1250 1'

1090 34'

1220 41

1230 42'

1440 45'

1230 43'

1210 3.

1200 39'

1200 551

1200 1'

29.89

.88

.84

.80

.84

.84

.80

.81

.81

.80

.80

.81

.83

.97

.84

.85

.84

.85

.82

.84

.84

.85

.97

.87

.98

.88

.89

.98

.98

.89

.90

.99

.93

.92

.94

.92

.94

.95

.95

.96

29.91

.89

.88

.86

.88

.88

.86

.86

.86

.86

.86

.84

.88

.94

.88

.89

.89

.88

.88

.88

.95

.90

.96

.91

.92

.96

.96

.91

.91

30.00

29.94

.93

.98

.93

.95

.96

.96

.96

29.90

.82

.82

.83

.83

.83

.83

.83

.83

.83

.83

.86

.88

.76

.85

.85

.85

.92

.86

.86

.86

.88

.78

.88

.77

.88

.89

.77

.80

.82

.91

.80

.93

.92

.98

.92

.93

.93

.93

.92
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wading which may occur any day.

May
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Place
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May



156

Place

Hongkong. . .

Breaker Point

Ngan-ping

Schan-tou

.

Canton . ,

Chapel Isl.

Amoy . . .

Okseu Isl.

Tamsui . .

Turnabout Isl

Fu-tschou-fu

Wonn-tschou

Itschang . .

Kap .lang-tze

Zikawei (Shangh;

Nagasaki .

Kumamoto
Saga . . .

Fukuoka .

Itsuhara. .

Jamaguchi

Tomotsu .

Kobe . . .

Osaka . . .

Tsu ....
Hamada. .

Kioto . . .

Fusan . . .

Nagoja . .

Yokohama
Sakai . . .

Tokio . . .

Fuschiki .

Tschifu . .

Fukuschima

Nigata. .

Jamagata

Ischinomaki

Akita . .

Hakodate

Aomori .

Sapporo

.

Nemoro .

fu

N. L.

22" 18'

220 56'

220 59-

230 22'

230 7/

240 10'

240 28'

240 59'

250 10'

250 26'

260 8'

280

300 12'

300 50'

310 11-

320 441

320 48'

330 12'

330 35'

340 12'

340 11'

340 17'

340 41'

340 42'

340 43'

340 53'

350 1'

530 5'

350 10'

350 26'

350 33'

850 41'

360 47.

370 34'

370 45'

870 55'

380 141

380 26'

390 42'

410 46'

400 51'

430 4'

450 20'

E. L. of Gr.

1140 12'

1160 22'

1200 13'

1160 40'

1130 17'

IISO 13'

1180 5'

1190 28'

1210 25'

1190 59'

119038'

1200 35'

1110 19'

121052'

1210 26'

1290 52'

1300 42'

1300 18'

1300 23'

1290 16'

1310 27'

1330 46'

1350 12'

1350 31'

1360 31'

1320 5'

1350 46'

1290 6'

1360 55'

1390 39'

1380 14'

1390 45'

1870 8'

1210 32'

1400 24'

1390 8'

1400 17'

1410 19'

1400 7'

1400 44'

1400 45'

1410 22'

1450 35'

January

30.15

.15

.12

.16

.16

.17

.18

.18

.15

.18

.20

.24

.30

.31

.31

.16

.11

.13

.13

.17

.11

.08

.04

.03

.02

.10

.05

.07

.01
:

29.96

80.08

.00

.02

.36

29.95

.98

.96

.94

.96

.92

.92

.86

.82 .

February

30.11

.11

.08

.13

.12

.14

.14

.13

.10

.12

.15

.20

.20

.28

.30

.14

.14

.15

.16

.19

.15

.12

.10

.09

.07

.16

.09

.20

.07

.02

.15

.02

.07

.44

.00

.04

.01

29.99

30.03

.01

.01

29.99

.91

March

30.05

.05

.04

.08

29.94

30.08

.09

.08

.06

.08

.09

.13

.14

.18

.18

.09

.08

.09

.10

.14

.10

.06

.06

.06

.04

.11

.08

.16

.04

.00

.11

.01

.04

.24

.04

.06

.04

.02

.06

.06

.06

29.97

.92
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Hence they are higher in the ports of the Yellow Sea

than in the southern and central part of Japan; so that the

difference in February between Chefoo and Niigata is 9 mm,

and a similar difference exists between the coast of Corea

and Manchuria, and the northern part of Japan. The mean

values which we give for the latitudes can therefore be only

approximate values of a purely practical importance; their use

is to offer the observer some help in discovering whether

there is any atmospheric disturbance or not. The difference

in the barometer readings is not so great in the months of

the second group, and in the months of the third group the

pressure on the East coast of Asia is less; so that the diffe-

rences which appear are not so great, as is the case in the

months of the first group. It follows from this that for

latitudes above 21" N. the barometer levels occurring in zone

A, the outermost zone of the cyclones, represent only approxi-

mate values, but that they are sufficiently accurate for the

months of the second and third gxoup. For the region

between 4P N. and 210 n_^ and to the eastward as far as the

Eastern Carolina Islands we may take the mean barometer reading

most conveniently from the "Boletines mensuales" published

by the Observatory in 1894; of these we give an extract

which will suffice in most cases.

c) The values are apphcable to the Philippines, the South

China Sea, the Pacific Ocean south of Lat. 20" N., to the Formosa

Channel and the adjacent seas, the Yellow Sea and the neigh-

bouring coasts, to Japan and the adjacent oceans, to Corea

and the coasts of Manchuria.

For the use of the Table we must add:

1. The limiting months of two different groups exhibit charac-

teristics which are common to both groups : e: g. May and June,

November andDecember, March and April, September and October.

2. The same may be said with regard to the latitudes,

for instance 31—33", 34—36", 9-11" etc.

3. The barometer readings have reference to the lowest

reading occurring on any day, and accordingly either to the

afternoon minimum, or the morning minimum. The time at

which the barometrical minimum usually occurs during the
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various months at five places in the Far East (Manila,

Hongkong, Zikawei, Tokio and Hiroshima) will be seen from

the tables pp. 160—164.

Barometer-readings for the outer limit of Zone A
of a cyclone in to the Northern Hemisphere.
Latitude Barometer

ins Season.

29.76 for the whole year.

29.76 in the months of group 1.

29.72

29.80

29.76

1.

2.

North.

Oo-ll"

110—170

3. 170—210

4. 210—25n

5. 250—320

6. 320—350

7. 350—400

8. 400—500

29.72

29.92

29.80

29.65

30.12

30.00

29.84

29.65

30.04

29.84

29.69

29.96

29.80

29.69

29.76 for the whole year.

The daily range of the barometer.

pag. 160—164, and Plates 15 and 16. In the course of the

24 hours of every day, if there is no atmospheric disturbance

to disturb it more or less, the barometer exhibits two oscil-

lations of great regularity.

1. The barometer rises from 4 am to 9 or 10 am.

2. The barometer falls from 9 or 10 am to 3 or 4 pm, and

during the warmer months to 5pm also. The fall is usually equal

in amount to the rise. If the fall does not exceed 3 mm, we may
be sure, that the weather will remain steady and unchanged.
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The daily range of the barometer at Manila, i) 1891— 95. Five

years. Lat 14fi 36' N. Long, 1200 58' e.
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The daily range of the barometer at Hongrkong.i) 1885—1893.
Nine years. 220 15' N. L., 1149 12' E.

Jaiuiiry Febr. March April May June July Aug. Sept, Oct. Nov. Dec. year

.006

.001

.010

.014

.012

.000

.017

.038

.053

.058

.042

.014

.008

-.002

-.011

-.016

-.012

.002

.020

.037

.061

.057

.046

.023

019 -.008

.041

.051

.049

.039

.028

.014

.001

.010

.015

.015

.012

.023

.072

.109

.066

.029

30.170

-.033

-.049

-.051

-.044

-.035

-.022

-.005

.006

.013

.014

.010

.024

.073

.108

.065

.030

30.129

.008

-.005

-.018

-.024

-.018

-.001

.017

.036

.048

.052

.044

.024

-.004

-.027

-.044

-.048

-.044

-.035

-.022

-.005

.012

.019

.020

.016

.025

.076

.100

.068

.044

30.062

.004

oil

,023

-.025

.017

.003

.015

.033

.045

.047

.040

.025

.001

-.020

-.037

-.045

-.045

-.0351

-.020

-.004

.012

.024

.023

.015

.024

.072

.092

.069

.049

29.9«

.002

-.010

-.019

-.019

-.014

.000

.016

.030

.038

.041

.036

.024

.005

-.015

-.020

-.042

-.043

-.034

-.022

-.005

.008

.021

.021

.011

.021

.060

.084

.064

.040

29.850

.002

-.008

-.014

-.016

-.011

.000

.013

.023

.029

.031

.028

.017

.003

-.012

-.026

-.037

-.040

-.032

-.019

-.003

.010

.024

.024

.014

.018

.047

.071

.065

.043

29.765

.005

-.006

-.013

-.016

-.013

-.003

.008

.018

.026

.029

.025

.016

.003

-.011

-.026

-.035

-.038

-.033

-.018

.000

.015

.027

.026

.018

.018

.045

.067

.065

.043

29.732

.005

-.008

-.016

-.018

-.014

-.005

.009

.020

.030

.032

.028

.017

.000

-.017

-.030

-.039

-.039

-.032

-.018

.000

.019

.029

.028

.019

.019

.050

.071

.068

.047

.000

-.011

-.020

-.021

-.014

-.003

.012

.029

.036

.039

.031

.014

-.007

-.026

-.037

-.039

-.037

-.027

-.014

.004

.022

.027

.024

.016

.021

.060

.078

.066

.048

29.743 29.817

-.001

.011

-.019

-.020

-.013

.001

.020

.034

.046

.046

.032

.011

-.013

-.034

-.043

-.044

-.037

.001

-.008

-.016

-.016

-.011

.005

.023

.039

.051

.051

.033

.007

-.023

-.044

-.051

-.049

.039

.027I-.026

.012

.008

.020

.022

.020

.014

.023

.066

.090

.066

.042

29.986

-.008

.008

.018

.021

.020

.013

.024

.067

.102

.072

.037

80.110

.008

-.001

-.008

-.012

-.009

.002

.020

.039

.054

.054

.039

.009

.026

.045

.055

.052

.040

-.028

-.012

.004

.013

.018

.016

.012

.024

.066

.109

.073

.030

30.163

') Observations and Researches, 1898, p. 23.

11
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The daily range of the barometer at Zikawei.i) 1882/86 and 1891/95.

Ten years. 310 12' N, 1210 26' E.
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The daily Fange of the barometer at Hiroshima.!) 1891—1897.

Seven years. 340 23' N. L., 1320 27' E.
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The daily range of the barometer at Tokio.') 1886—1895, Ten years.

350 41' N. L., 139" 45' E.L.



- 165 —
3. The barometer rises from 3 or 4 pm, or, if the fall

has lasted longer, in consequence of the heat during the

warm months, from 5 pm to 9 h 45 or 10 h pm. The rise

is never so great as that in the morning. If the rise has

reached its normal magnitude, we may likewise be sure

that the fine weather will last.

4. The barometer falls from 10 pm to 4 am.

5. The weather assumes a doubtful character, whenever

a change takes place in the daily course of the curve.

Changes in the barometrical curve, i) The changes

in the barometrical curve may take place in two different

ways: they may change themselves either wholly or only

partially. A total change occurs when the barometer falls,

instead of rising, or if it keeps its level, instead of rising; in

both cases the atmospheric wave disappears. The partial

change may show itself likewise in two ways: if the barometer

does not rise so much and afterwards does not fall so much

as should be the case according to the daily oscillation, or

if it not only does not reach even the usual level and after-

wards falls further than it should according to the oscillation,

so that of two consecutive lowest readings the later one is

the lower. Such barometrical movements change the form of

the curve, without obliterating it entirely; so that hence we
call this a partial change. These four movement of the baro-

meter correspond to four different conditions as to the centre

of the cyclone and the observer, and to four absolute movements

ol the centre, which we intend to explain.

The first partial change. — If the barometer at the

time of the usual rise, from 4 to 9 am and from 3 or 4 pm
to 10 pm, rises but little (much less than is requfred by the

atmospheric wave at the place of observation), and, on the

other hand, at the time of the fall, if it does not fall more than

is usually the case, so that the last minimum is not lower

than the preceding ones, we must take this for a sign that the

') We can hardly sufflcienty impress upon our shipmasters the

paramount importance of providing themselves with an aneroid barograph.
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cyclone is still far off and is advancing slowly, without the

observer leaving the Zone A, or that the distant centre remains

either entirely or else nearly stationary, without any change

of the Zone at the place of observation. In this case the

amplitude of the barometrical curve is less than usual. This

kind of barometer movement is observed in the southern part

of the Archipelago from the parallel of 4P to that of 10" N.,

during the months of the third and second groups, whenever

a centre crosses higher latitudes, orwhen it recurves inthePacific;

or when it, especially in June and July, hangs not far off the NE.-

and NW.-coasts of Luzon. In the latter case squalls of rain

and wind come from the third quadrant and they last occasionally

for several days. They correspond to a condition of weather

which the natives call "Colla".

In Luzon and the northern part of Visayas such movements

of the barometer are also noticed during the months of the

first group, although not so frequently, whenever a cyclone

crosses the southern part of the Archipelago. Northerly winds

then usually set in, being mostly accompanied by heavy rains

on the East coast, sometimes extending as far as the West coast.

The second partial change. — This occurs when the

barometer does not rise so much as it should according to

the daily oscillation, and when after it has risen, it falls still

further than should be the case, so that the subsequent

minimum is always lower than the preceding one; in this case

the cyclone is approaching the observer in some way or other.

We say "is approaching in some way or other", because

the place of observation may be: 1. At various points on the

radii of Zone A, and partly of Zone B. In this case the

barometer will fall below the limiting value which divides both

Zones, and will produce afterwards a total change, of which we
shall treat further on. 2. In such a case the oscillation does

not entirely disappear at points of a chord of Zones A and B.

3. The oscillation, however, between the two Zones at a

station lying on the border may either disappear or not,

according as the one or the other prevails.



- 167 —

In all three cases we may observe common peculiarities

so long as the station lies within Zone A, and partially within

Zone B. First a fine rain appears, and next squalls ynth

more or less intermission; the wind increases and attains the

force of a fresh wind.

In the first case the oscillation becomes gradually obli-

terated, and the phenomena which are characteristic of its

total change appear.

In the second case the barometer usually falls until it

has reached the limiting value between the Zones A and B;

this lasts occasionally for several days over the Archipelago

and the adjacent seas, then the winds from the central and

southern part of the third quadrant freshen up, the barometer

has reached its minimum and commences to rise gradually.

The centre passes either rapidly and the squalls of rain

and wind follow each other quickly, or else it moves slowly,

the firequency of the squalls is more moderate, or else the

storm recurves and its effects may still be felt for some days,

or, finally, it remains almost stationary, and several days of

wind and rain will ensue. The effects of the slow transit,

of recurvature or the cessation of advance of a cyclone are not

different fi'om a "coUa", as was the case with the first partial

change. In such cases the ampUtude usually does not differ

much firom its usual value ; the curve a a on plate 1 represents

such a barograph curve.

If the oscillation does not disappear, we consider this as the

third case of those we have just been discussing, otherwise

we must include it among the cases of total change.

This second partial change, which we must detect

from the barometer readings in the boundary Zone of the

cyclone, is really a most valuable indication. An observer

by comparing his barometrical register and from the gradual

increase of its differences, may recognise the likelihood of

danger a day or two before the barometer has reached its

limit, and accordingly almost three days before the actual

outbreak of the cyclone, whenever the first or the third of

the cases quoted appears.
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Total Chang-e. Case 1. — If the barometrical curve

shows an inversion, and if, therefore, the barometer is falling

instead of rising, the approach of the cyclone is certain, and

the place lies within the Zone B or D, i. e. the cyclone will either

pass over the place itself, or else pass in its nearest proximity.

The barometrical curve takes one of the forms which is

shown in Plate 1, it will have the shape of the curve bb, if

the cyclone crosses only the innermost part of Zone B, and

that of curve cc, if the eddy crosses the Zone G, and, finally

that of curve dd, if it passes over the place itself. This total

change hardly ever takes place unless the fall of the barometer

in Zone A has preceded it, as has been already explained,

i. e. unless one of the partial changes described above has

shown itself previously.

Total Change. Case 2. if the barometer keeps its

level, instead of rising, after having fallen more and more as we
commencing lea^'e the inner limit of Zone A, this is usually

a sign that the place is gradually getting on a chord inter-

secting Zone B or Zones C and D; but it may be an indication

also that the place is getting into the centre of a cyclone

which is not fully developed as to its form and gradient.

We observe these changes more frequently in the lower

latitudes of the Pacific Ocean, in the \'icinity of the locality

where the cyclones take their rise, and sometimes at Mindanao

and the Yisayas as well as in the adjacent seas, if cyclones

are developing itself near the Archipelago.

All these changes have reference to the epoch of the

barometrical rise, but there are also some which apply to

the epoch of its fall, and these are very difficult to explain

as to their character.

We reproduce here only what Padre Faura has said in

the publication already mentioned i) about these changes:

In order to trace back the existence of a cyclone not to

the rise of the barometer — as has hitherto been done —

') "Seiiales precursosoras de temporal en el Archipielago Fiiipm>", p. 31.
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but to its fall, it is desirable to exercise great caution, for

changes may occur which are likely to confuse the observer.

We have to consider the times from 9 or 10 am till 3 or

4 pm, and from 10 pm till 4 am. If the barometer falls more

than 0.12 i., there is no doubt that a disturbance exists, but

we cannot fix the character of this disturbance. If the fall

is greater than 0.16 i., its case is always a cyclone, but even

then we cannot say to what degree the place will be drawn

into it. We must watch the rate ot the fall; and if it is more

than 0.04 i. per hour, we have no time to lose, for the cyclone

is approaching and in few hours will bring all its force into

play. If the fall is less than 0.04 i. per hour, we may hope

that there is time enough to wait for the rise, so as to derive

from it with tolerable probability, and in accordance with the

rules which have been given, what we may expect in the

future. We can practically only turn these rules to good

account when the barometer is below its normal level, but

not when it is normal or else high, because a fall of 0.14 ins,

or even of 0.16 and above that amount may occur, without the

existence of the slightest atmospheric disturbance. We have

combined in a table a number of cases in which an unusual

fall of the barometer occured at a time of a high ataospheric

pressure, adding the most important meteorological elements,

so as to fix the conditions under which such a fall may
be observed. We have taken only the first three months of

the year 1897.

We find the greatest variation of the barometer on the

14"' April, the variation of temperature being only very slight.

In order to explain this, we must remark that the horizon

was covered with rain clouds on this day, especially in the

second quadrant, and that nimbus were coming up, and producing

violent showers of rain; the sun was shining for only 6^/2 hours.

The day before the Absolute and Relative Humidity had

been only very low, although the sun had been shining for

11 hours and 35 minutes. The minimum of the Absolute

Humidity on the 13* April was 0.50 i., and that of the Relative

Humidity 35.5%.
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It follows that it will not be difficult for the observer to

form an opinion, whether or not he has to fear an extra-

ordinary fall of the barometer. A fall which leaves him in

doubt or which looks suspicious will however but rarely

occur, unless a partial change of the oscillation has preceded it.

Sixth Chapter.

Fournier's rule, and the BarocYclonometer.

Commander Fournier's rule.^) — I have been often

asked, says P. Chevalier, about the applicability of the rule

given by Commander Fournier, according to which we can

either determine the velocity with which a vessel is approaching

to the centre of a cyclone, or the greatest proximity to the

centre which a ship has reached. We shall briefly refresh

the reader's memory as to this rule.

1. If we look out in the barometrical observations of the

preceding days the highest point of the curve and subtract

0.12 i. from that, we shall obtain a barometrical reading P

which serves us as a starting point.

2. If the point of observation has reached the body of

the cyclone, we must find out the actual reading of the baro-

meter, and the prevailing direction of the wind. We subtract

this barometrical reading (P^) from the barometrical value P^

and thus obtain a first difference (P—Pj). Then we
draw on a sheet of paper, according to the direction of the

wind, a line of any length preferred in the direction of the

centre, and accordingly 12 points from the direction of the wind.

3. Later on, say two hours afterwards, a new observation

gives us a second barometer value and a difference P—P2.

According to the new direction of the wind we draw another

straight line in order to find the centre. We have now the

1) Chevalier, Typhoons 1892. Shanghai 1894. 1'. 75-83.
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following proportion: The distance from the centre (Dj) at

the time of the first observation bears the same proportion

to the distance (Dj) at the time of the second observation,

as the second difference (P—P2) does to the first (P—Pj).

^- ,
D, P—P2Accordmgly: -j^ = p_p^

By assuming for the first distance a line of any arbitrary

length, for instance 100, we can find out by calculation the length

of the second straight line. By connecting the two points

with each other, we shall obtain the direction of the centre,

and from that the shortest distance in which it will pass the

place of observation from the point where it is situated.

I do not know what the theory is upon which M. Fournier

bases this rule, as I have not his paper by me, but so

much must be true that — supposing it is applicable — this rule

is of the highest value. I look at this matter, therefore, from

a purely practical point of ^•iew, and propose to test it by

means of the cyclones which I have described in this book.

On the 17"" July 1892 the barometer at Lamocks reached

its highest point with a reading of 29.66 i.; if we subtract

from this 0.12 i., we find as starting point 29.54 i. ,— At

3 pm on the 20"^ July Lamocks was undoubtedly in the body

of the cyclone, the barometer stood at this time at 29.26 i.;

but as the barometrical reading at this hour is 0.03 i. below

the daily mean, we must add 0.03 i. to 29.26 i., and thus

we get:

29.26 + O.O31) = 29.29 i.

Therefore the first difference (P— P,) amounts to

29.54— 29.29= 0.25 i. = (P — P^). At 6 o'clock the baro-

meter was : 29.19 i. + 0.03 i. = 29.22 i.; the second difference

(P — P2) is hence

:

29.54— 29.22= 0.32= (P — P2).

') Compare the Table for Hongkong showing the "Daily movement of

the barometer", pag. 161.
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If we insert these values in the proportion —i= - ?

Dg P ™ Pj

and Di= 100, we shall find:

100 0.32 ^^ 0.25X100 ^„
^=025 ^""^ ^« = 0.32

=^^-

The barometer at 9 o'clock in the evening stood at

29.07 i.; the correction for the daily movement at this hour

amounts to 0.03, accordingly: 29.07— 0.03= 29.041., so that

it comes out: P— Pj= 29.54— 29.04= 0.50, the difference

p_Pj= 0.25:

100_a50 _ 0.25X100
Dj ""0.25' 2^ 0.50 ~'^"-

At 3 o'clock the distance of the centre was in reality

75 miles: the calculation gave it as 78 miles; at 9 o'clock

the actual distance was 55 miles, the calculated one 50 miles.

The computation giv^es therefore serviceable results for

this cyclone. If we, on the other hand, should apply the

calculation in the same way to the two epochs 6 and 9 o'clock,

we should obtain an incorrect result, because the direction

of the wind did not change in the interval. For the sake of

further enquiry let us apply this calculation to the typhoon

of the 6"" September 1892, (observations at Tamsui).

Highest barometer 29.82 i., the starting point P is

accordingly 29.82 — 0.12= 29.70 i.

9 a. m. barometer (corrected for

daily range) Pj= 29.47 P— P^= 0.23

Noon barometer corrected . . P2= 29.37 P — P2^ 0.33

3 p.m. „ „ . . P3= 29.28 P-P3= 0.42

6 p.m. „ „ . . P4= 28.94 P-P4= 0.76

If we take Dj = 100, we shall obtain the values: Dg= 70,

D3= 55, D4= 30.

Results

:

Actual distance Calculated distance

Noon. . 78 miles. 70 miles.

3 p. m. 56 „ 55 „

6 p. m. 30 „ 30 „
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We prepose to examine finally, the typhoon of the lO**"

October, (observations from the South Gape of Formosa.)

Durmg the days preceding the cyclone on the b*^ of

October 29.80 i. was observed as the highest readmg. The

starting pomt is therefore P= 29.68 i. At noon in the 9"'

of October we may suppose that the South Gape came into

the body of the typhoon.

Noon Bar. 29.38-0.01i)=29.37; P-Pi=29.68—29.37=0.31

3hp. m. „ 29.28 + 0.04 =29.32; P—P2=29.68-29.32=0.36

6hp.m. „ 29.25 + 0.03 =29.28; P-P3=29.68-29.28=0.40

Midnight „ 29.09-0.01 =29.08; P-P4=29.68-29.08=0.60

6h a. m. „ 28.84 + 0.00 =28.84; P-P5=29.68-28.84=0.84

9h a. m. „ 28.70-0.05 =28.65; P=P6=29.68-28.65=1.03

llha.m. „ 28.48-0.03 =28.45; P-P7=29.68 -28.45=1.23

If we assume Dj = 100, we shall obtain the values

:

D2= 86, D3= 78, D^= 52, D5= 37, D6=30, 0^ = 25.

If we assume 100 miles also for the actual distance

obtained for noon, we shall find for the distances:

Actual Calculated

86

78

52

37

30

25

We have, therefore, for the first epochs excellent results, but

for the last two hours considerable variations. The results

are nevertheless satisfactory for the practical purposes of

a sailor.

The bapoeyelonometer aceopding to the construction

suggested by Algu6. The barocyclometer, illustrations of

which will be found on Plates 19 and 21 to 24, corresponds

in general as to its construction with the barometer^) described

3h p.
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by Faura; but Algue has in addition made a few material

changes in the apparatus.

The apparatus consists of two parts; one of these we
shall call an aneroid barometer, and the other a wind disk;

both have the same diameter.

The aneroid barometer. (Plate 19.) Round a good

aneroid barometer which is divided from 28— 31 i. and

which corresponds with regard to its millimetre division to

that of a mercurial barometer, a rim is placed which is move-

able (can be turned), it is about 1.2 i. broad. The divisions

which are engraved on this rim bear no relation to definite

lines of division on the barometer, but they have relations

to each other. These divisions form the groups: „fine

weather", "change" and "unsteady" or "stormy weather".

The group "fine weather" occupies a large space to the right,

it is as little definitely limited on its right side as the group

"unsteady" or "stormy weather" is on its left.

As has been previously remarked, the lower limit of

value for "changeable weather" or, what means the same,

the upper limit of value for "stormy weather", depends on

the geographical situation of the place of observation, and also

on the season. We can ascertain this limit of value from

the tables on pages 150—155. The small table on page 159

is the most convenient in order to set the arrow which

defines the division "changeable" on the left hand. The reading

of the barometer in the border zone of a hurricane during

October and November is, 30.00 i. according to this table,

for 25°— 32** N. L.; the arrow must therefore be set in

these regions during this season at 30.00 i.

This setting is valid:

1. From Sumatra to the Carolina Islands, or from 95"

to 150" E. L. of Gr.

2. From the Gulf of Siam to the Ladrones, or from 100"

to 1450 E. L. of Gr.

3. From Tonkin to the Ladrones, or from 105° to 145"

E. L. of Gr.

4., 5., 6., 7., 8. From the Asiatic Continent to 150"

E. L. of Gr.
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Fine weather. i) The division commences for the

Philippines by setting the arrow at 29.76 i. near 29.92 i. The

weather will remain all the steadier, the further the needle

goes beyond 29.92 i.

Changeable. "We have already called special attention

to this division as far as it is necessary. In the following

foot-note we cite for example the conditions in the Philippines.*)

Stormy weather. The hand moves into this division

under the influence of a cyclone which is less than 500 miles

distant. The undefined section to the left is divided into four

parts which have reference to the barometrical levels, and

the distance of the cyclone centre. Division (Zone) A and

B embrace each four Unes, and Zone G seven lines of the

barometer scale.

Zone A. — Distant. If the hand has reached this

division and the barometer shows an inclination to fall, we
ma\ presume with tolerable certainty that the centre of a

cyclone is between 500 and 120 nautical miles distant.

') For the Philippines: wind N.—E. : December, January, February.

E.— S. March, and April. In the season during which the barometer

stands highest, the Archipelagus is the upper limit for stormy weather for

Aparry and the northern part of the 29.80 i. ; we can, therefore, assume

with confidence that no serious atmospheric disturbance will set in if

the hand of the aneroid has not fallen below 29.92 i.

In the Philippines Northeasterly winds prevail during the months

of November, December and January, in February the wind draws more

to the Eastward, and in March and April we have South-easterly winds.

Experience teaches us that the wind will be aU the steadier, the higher

the needle stands during the months from November till February. These

winds bring masses of cloud which are formed during the day time

owing to the ascending air current, from the sea to the eastern coasts.

There they condense themselves, and are the source of rain, which is

all the more copious the steadier the winds remain. It sometimes

happens that the cloud masses are driven across the whole island, and

in such a case they bring heavy rains over the west coasts also, although

there prevails usually at this time fine and dry weather on the west

coast of Luzon and in the greater part of the interior of the Archipelagus.

^) The division "changeable" includes the normal barometrical

readings for the months from May till October; the hand of the aneroid

will also be there should a cyclone be less than 500 nautical miles.
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Zone B. — Near. If the hand reaches this division, it is

a sign that the centre of the cyclone has in all probability

approached to from 120 to 60 nautical miles.

Zone G. — Very near. The centre has reached a

distance of from 60 to 10 miles. The study of 280 cyclones

confirm for Manilla that the centre of the cyclone will have reached

this distance, if the barometer at the time of the daily minimum
has fallen to 29.41 i.

Zone D. — At the place of observation. The centre

is from —10 nautical miles off. If we suppose that the

aneroid for the Philippines has been set at 29.76 i., as Umiting

value, the centre passes, with a barometer of 29.17 i., over

the place itself, or at the very least has reached its nearest

proximity. This subdivision is undefined towards the left,

but is divided only to 28 i., on account of such a low

reading of the barometer noticed being but extremely rarely.

The bearing and the direction of the centre cannot be

ascertained from the barometrical reading only, they must be

determined according to the principles which we have previ-

ously explained.

From the more reading of the barometer we can likewise

draw no conclusion as to the force of the wind, or the

violence which the cyclone will develop. The intensity of

the cyclone depends in general on the barometrical gradient,

and this again not on the barometer reading itself, but on

the amount of its fall. The inclination of the cyclone

axis, which again is independent of the barometrical level, has

a very great influence upon the force of the wind.

distant, and is therefore still very far off. As the months from AprU

to October show a great tendency 'for atmospheric disturbances, the

weather is unsteady or changeable if the hand moves in this division.

— With Northerly winds we may suspect at every season — perhaps

with the exception of an atmospheric disturbance, should the hand be

in this division. The Northerly winds are abnormal, during the months

May to September for the region of the Philippines and the lines of

graduation of this division for the months from November to April lie

below the normal level of the barometer.

12
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It need hardly be said that the aneroid barometer

must be of the very best quality. "We have found on board

ships aneroids of a very low class, which are of no use

whatever! In order to satisfy ourselves that the aneroid

corresponds to the requirements, we must compare it for a

long time with a standard barometer. It must, of course, as

has already been remarked, be set in conformity with a

standard barometer at 32" and sea level. Such a comparison with

a standard barometer ought to be made, at least once a year;

such a comparison should be made, furthermore, as soon as pos-

sible after the instrument has been exposed to great oscillations,

in a storm. We recommend that such comparisons should

be made at one of the large Observatories (such as Hongkong,

Shanghai, Tokio, Manila.)

The Wind-disk. (Plate 21—24). It is divided by eight

diameters which intersect themselves at equal angle, on

the ends of which are placed the 16 directions of the compass.

These diameters are suitably drawn, not on the disk itself,

but on the inner side of the covering glass (red). On the

disk, which may be easily turned by a button, are engraved

a short arrow, passing through the centre, and furthermore five

concentrical circles. The latter define the four annular zones

A-D. In each of these Zones the wind directions which

prevail in them are represented by arrows at the intervals. The

short central arrow, already mentioned, is set in the direction

of the track of the cyclone. The whole arrangement produces

a horizontal section of the lower part of the cyclone in the

circles of the wind arrows. Around an axis which is fixed

in the centre of the disk, two needles of the length of the

diameter of the wind disk are placed on the axis of the disk

and these needles can be turned. From the one end of the one

needle (the single one) the two thirds nearest to the centre

are divided into 100 equal parts. On one end of the other

needle a small needle, which can be turned, has been fixed at

a distance of two thirds from the centre. We shall call this

needle for shortness, the "double needle".

Remarks. 1. The directions of the wind are inclined

towards the centre of the cyclone.
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2. The degree of convergence is not the same at various

distances, nor is it the same on various sides, at the same

distance from the centre.

3. The direction of the centre exercises an influence

upon the variations of the angle between the direction of the

wind and the radius vector. The following factors influence

the variations in the convergence.

a) The direction of the prevailing wind,

b) The topographical conditions,

c) The progressive movement,

d) The shape of Zone D.

The general winds which prevail on the edge of the

cyclones make their influence felt only on places which are

far distant from the centre, and in such a way that Southerly

winds operate on the convergence of the winds on the south

side, but not on the convergence on the north side. In

contrast to this, Northerly winds affect the convergence of

cyclonic winds on the north side only, and not that on

the south side. The cyclonic winds of the south side lie

between the points NW. through S. to SE., but those of the

north side between NW. through N. to SE. It results from this

for the Archipelago, that owing to the general winds on the

outside of cyclones the outer cyclonic winds of the southern

side, SW.—S.—SE., show a strong inclination towards the

centre, during the months of the second and third group;

during the months of the first group, the winds of the

northern side are less convergent.

The directions of the wind for Zone A of the Cyclono-

meter are more convergent than those of the other Zones.

It is, of course, impossible to express on the wind-disk of

the cyclonometer the influence of the prevailing winds upon

the convergence of cyclonic winds.

The influence which topographical conditions may exercise

needs hardly to be considered by the sailor. Any observer

at a fixed observatory will soon find out these influences,

(as they are exerted e: g: by a mountain chain close

at hand).

12*
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The wind directions will be less convergent on the front

side, owing to the progressive movement of the cyclone, so

that they will approach a more circular form than is the case

on the rear. The directions of the wind on the two sides of

the track undergo, owing to the direction of the track and

the intensity of the progressive movement, changes, which are

all the greater, the greater the velocity of the cyclone.

In drawing the wind disk we have taken 45° to be the

value of the mean inclination of the wind.') The shape of

the central region of cyclones changes the wind direction

but slightly. As the shape changes a great deal, this cannot

be taken into account when drawing the wind disk. We have

preferred to represent it as a circle, and this representation

cannot be a source of serious mistakes.

The use of the cyelonometer. Plates 21—24. If an

observer, after consulting the given data and rules, has

satisfied himself of the approach of a cyclone, he must set

the central arrow of the wind disk according to the accom-

panying chart, on which the mean tracks of the cyclones

of the "Far East" are drawn, in the mean direction of the

track taken by the cyclones of the region for the respective

seasons. The instrument is now ready for approximately indi-

cating the position and the direction of the centre.

The first approximate value. The observer must get used

to placing himself according to the state of the barometer

and the direction of the wind at a point of the concentric

rings of the wind disk; this will in no small degree facilitate

his calculations. In order to determine the first approximate

value, we must note which of the wind arrows represented

in Zone A corresponds to the direction of the wind prevailing

at the place of observation. If none of the wind arrows

correspond exactly to this wind direction, it will not be

difficult to find the place of the ring where the arrow

ought to he. Having found the wind arrow, we must set the

') Ferrel, A. popular treatise on the winds, p. 304.
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single end in such a way that it cuts the arrow at its point;

the other end of the needle will then point towards the

direction in which the centre hes.

If the barometer falls, even through slowly, or if there

is a partial change in the barometrical curve, but the wind is

still blowing from the same point or from a direction close

to it, this is a proof that the position of the centre has been

determined with sufficient accuracy. If the barometer keeps

on falling, the wind direction will give more precise data.

The second approximate value. If by a further fall of

the barometer and by a partial change in the daily range of

pressure the barometrical reading already corresponds with

the ring for Zone B, we must determine the prevailing

direction of the wind, and find out the wind arrow on ring

B which corresponds to the direction of the wind. Next we
must bring the wind arrow to cut the needle at the point,

as before, then, the other end points with greater

certainty than before towards the direction in which the

centre lies. If the wind veers, we must repeat the operation.

If the wind ^eers without a total change in the daily

range of the barometer taking place, we may take it for

granted that the centre will not pass over the place of

observation. The barometer shows the observer with sufficient

accuracy for practical purposes, not only the direction in which

the centre lies, but also — and this is for the sailor most

importan-t — the distance of the centre, and the direction

which it is most probably moving.

The third approximate value. — The Determination of

the direction of the centre. If the barometer keeps on falling,

the observer determines the prevailing wind direction as before,

searches for the corresponding wind arrow and brings it now to

cut the single end of the double needle. The end to which the

small needle is fastened, and which has its pivot in Zone B,

shows the position of the centre. If the wind continues to

blow from the same point, and if the barometer keeps on

falling, we need not set the needle any more; the centre
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is approaching tiie place of observation exactly from the

direction which the needle indicates. If however, the wind

direction in two or three hours changes, then we must

repeat the observation with the single needle; we can then

by the aid of Fournier's rule, and with sufficient accuracy for

practice, find by calculation the direction of the centre.

At the beginning of this Chapter we have minutely

discussed Fournier's Rule and its trustworthiness, and like-

wise the meaning of its numerical values; so that a repetition

is unnecessary. From the proportion we calculate Dj (Dj= 100)

If we have this value, nothing else is necessary to set the

small needle of the double needle upon the figure found.

The direction of this small needle shows the direction in

which the centre is moving.

Corresponding to this direction we move the disk of the

cyclonometer until the central arrow has become parallel to

the small needle. If the apparatus has been set in this way,

we must repeat the manipulations in the rings C and D also,

if the barometer is still falling rapidly. Each change of the

direction of the wind means a repetition of the calculation

in order to find the third approximate value. We propose to

show the determination of the direction by giving a few

examples.

During the cyclone, on the 24"' and 25"' of October 1898,

the direction of the wind at 3 pm on the 24"' was SW. by

W., and the barometer stood at 29.62 ins. If we set the

double needle upon the line of intersection with the wind

arrow SW. by W., the centre will lie in the bearing towards

which the end of the needle points, in NE. by E. Early in the

morning at 3 am the wind came from SSW., the barometer

stood at 29.60 ins. The setting of the needle gives for the

centre a position at N. by E., indicated by the end which is

divided into 100 parts. At Manila the limiting value for

Zone A of the cyclone is 29.72 ins; hence we have, according

to Fournier's rule

:

P—Pj^lOO 29.72-29.62 100 _
P-Pj Dj ' 29.72 -29.60~D2 ^2— «o-
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If we now set the small needle in such a manner that

it points to the line 84 of graduation of the single needle,

we shall get for the interval from 3 pm on the 24"" to 3 am on

the 25"" a direction of the track from E. by S. to W. by N.

During the typhoon on the 12"' and 13"' of October
1897 of "Samar and Leyte"i) (Plates 21 and 22) the

observations at Capiz, on the islands of Panay, were as follows:

12"' October, 7h 30' pm barometer 29.10 ins wind W. 1 Zone

„ 8h 5' „ „ 29.06 „ „ SW.
( D.

29.72 — 29.06 _ 100 _
29.72— 29.10 ~ X '

'^ "~ ^*-

The position of the needle is given on Plate 21 ; and from that

follows a direction of the track towards W. by N. The

observations during the same typhoon at Manila were:

13"" October, 6 am barometer 29.622 ins, wind NE. 1 Zone

„ „ 11 am „ 29.656 ins, „ E.
J

A.

29.725— 29.656 _ 100 _.„
29.725 - 29.622 ~ x '

""
~

Plate 22 shows the position of the needles, the direction of

the track is W. by N.

The Typhoon of the 16"'— 17*'' of September 1894.

Plate 23. Observations at Manila on the 16"':

1 pm barometer 29.522 ins, lowest clouds "WNW. 1 Zones

6 pm „ 29.404 ins, „ „ W. / B— C.

29.725 — 29.404 _ 100 _
29.725 — 29.522

~ ^ ;

x — bd.

Position of the needle on Plate 28; Direction of motion of the

centre WNW.

The Typhoon of the 13'" of May 1895. "Gravina"

Typhoon.*) Plate 24. At San Isidore the observations

were as follows:

') Comp. P. Jose Algue, El Baguio de "Samar y Leyte". Manila, 1898.

') P. Jose Algue, Baguio del ''Oramna". Manila 1895.
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10 am barometer 29.518 ins, wind SE. ^

10.30 am „ 29.449 ins, „ S. /

29.725 — 29.449 100 „.
• X = 10.

Zone B.

29.725 — 29.518

The direction of the track is, as the needles on Plate 24

show, NE. by N.

Seventh Chapter:

Indirect indications, and the Swell of the

Cyclone.

The Cyclone wave is the sea which has been uplifted in

the centre. It is caused by the great reduction of atmos-

pherical pressure which prevails there. An experienced

seaman, and one who knows the cyclones of our seas well,

wrote in 1874: "The cyclones are accompanied by a great

upheaval of the water of the Sea called the "cyclone wave",

which must owe its origin to the same cause as that which

brings about the great fall of the barometer."

We must distinguish between the cyclone wave and

"swell of the cyclone", which again is a result of the cyclone

wave. Whilst the latter moves along with the centre, and is

for this reason closely connected therewith, the swell,

caused by the centre, moves on over the ocean. The swell

may therefore considered to be only an indication of the

existence of the cyclone.

The swell of the cyclone. The swell is often noticed:

1. On those parts of the coast of China which are not

protected by the island of Formosa, when a cyclone is

crossing the Pacific Ocean.

2. On the southern coasts of China, when a typhoon is

blowing in the South China sea.
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3. On the open east coasts of the Archipelago, hence on

the east coasts of Luzon, Samar, Leyte, Dinagat and Mindanao,

when a cyclone develops itself in the Pacific, or is crossing it.

4. On the south and east coasts of Japan with cyclones

in the Pacific.

5. On the west coasts of the Archipelago, when there is

a typhoon in the China Sea, and also when the centre is

lying near the east coasts.

6. On the coasts of the western and eastern Carolina

and Mariana Islands, when a cyclone is traversing the Pacific.

7. Finally, as we may suppose, in the Pacific and the

China Sea itself, and accordingly on the open sea.

The character and direction of the swell. The great

depression which originates in the interior of the meteor,

and the fact that the pressure increases toward the outside

of the cyclone, as P. Viiiez says, produce the following effect,

that in the centre of the hurricane the water is lifted in

consequence of the aspiration, much in the same way as

what happens in a pump, owing to the partial vacuum. The

convergent cyclonic winds operate at the same time in such

a way that they drive the water towards the centre.

The masses of water which are stored up by these two

agencies are called "the cyclone wave"; it has an irregular,

pyramidical form, its crest or top corresponds approximately

to the nucleus of the cyclone. This immense wave is always

carried along by the typhoon on its travels. If it reaches a

coast, the water rises to an extraordinary, and at times to

an astonishing height, producing terrible floods, and bringing

horror and despair to the residents, i)

There are two agencies at work in effecting a great

change in the level of the ocean, when a cyclone moves

over it; one is the aspiration of water from the centre of

the cyclone, which is caused by the extraordinary disturbance

') Vines, Apuntes relaHvos a los huracanes de las Antillas. Habana

1877. Pag. 192.
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of the equilibrium of the atmosphere. The effect of this force

is a motion, centripetal (towards the centre), the violence of

which depends on the greater or less great disturbance of

the atmospheric equilibrium, and on the development of the

system of the cyclone. The second force is the driving

power of that immense cyclone wave, which is piled up in

the centre, and which is produced by the movement of the

cyclone; it manifests itself in the swell, and drives away from

the centre — at least in the front part of the cyclone.

It follows that in the front part of the cyclone the two

forces are opposed to each other, but it is not difficult to

understand that the driving force, which acts in the direction of

the advance, must preponderate, if we consider that in addition

to this driving force gravity must also make itself felt.

This gives the water a centrifugal motion, and counteracts the

aspiration towards the centre.

The immense mass of water which moves along with

the centre, does not remain the same, but changes con-

tinually; new waves originate in the central region, in proportion

to the rate of movement of the centre, waves which tend

to disperse the heaped up masses of water. These sink

down owing to the action of gravity, and for this reason

escape the influence of the aspiration by which they had

been raised: a swell is formed which seeks to transplant

itself in all directions, and which counteracts the centripetal

force. The swell takes the precedence in importance on the

front side; whether this is also the case on the rear, cannot

be decided, as we have no observations for that. There have

been cases, it is true, in which the swell on the rear side

was directed towards the centre. Here we shall take into

consideration the direction of the swell on the front side,

which above all is to be considered as an indication of the

cyclone.

Another force, the convergent cyclonic winds, which

P. Vinez considers to be a contributing cause for the formation

of the cyclone wave also, we take to be rather a disturbing

element. The reason is, that though the wind may be somewhat
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convergent towards the centre, this is not altogether the case,

and all the less the more violent the wind. The force

of the wind which influences the water is therefore not radial,

and must counteract the centripetal force in the rear part as

well as the centrifugal force of the front. In conjunction

with these forces it brings about the changes of intensity

and direction.

How far these views correspond to experience, will be

seen later on. As fas as the swell of the cyclone is con-

cerned, many facts confirm the statements:

1. That the swell in the front originates near the centre.

2. That this swell extends itself to very great distances;

the force diminishing with the distance.

If obstacles come in the way, corresponding deviations

follow, which are not always easy to be foreseen or explained.

The cyclone wave is the principal cause for the devastations

on the coasts, and at sea.

The swell originates in the front part near the

centre. The s. s. "Don Juan", bound from Hongkong to

Amoy, on the 21" September 1891 met at 10 pm a heavy,

long swell irom an easterly direction; it originated in a cyclone

which at that time lay to the Eastward and was fairly far off.i)

Such cases are often observed in the part of the China

Sea which lies before the Bashi- and Ballintang-Channels when

a storm field moves through these Channels, and towards the

Continent. Reid mentions several such instances 2) which

are taken from the memoirs published by Piddington; we
reproduce them here for the benefit of those Captains only

who sail from Manila to Hongkong, or from Hongkong to

Amoy and Shanghai.

') See Boletin mensual del mes de SepHembr, 1891, Apendice; and

Apendice al ano 1891. Irayectorias de los tifonet de SepUembre 1891.

') "Progress of the Development of the Law of storms and of

variable winds, with the practical application of the subject to navigation,"

by Lieut Col. William Reid CB. FRS. London 1849. p. 176.
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On the 21^' of September 1803 a typhoon traversed the

most extreme part of Luzon; some of the ships of the

"Oriental Company of India" which were at that time not far

from Macao, experienced the effects of the cyclone which

from the peninsula of the Cape Engafio reached the Continent

through the Straits of Hainan and the Gulf of Tonkin.

"Abridged Loy of H. C. Ship Alfred :i)

"At noon, 22°* September, had the Grand Ladrone bea-

ring W. 1/2 S., Gap Rock S., and Asses' Ears due E. Ob-

served that the swell was rising from the eastward. Wind

marked N. At noon, working into the anchorage. P. M.

Increasing breeze and cloudy weather, with a long swell

from the east. At 4 p. m. anchored with Grand Ladrone

bearing S., Gap Rock S. by E., Asses' Ears S. 65" E.; making

all snug. At 11 p. m. wind increased to a hard gale NNE.

;

at midnight, drove.

"23"* September. — Gale still freshening, and ship dri-

ving at the rate of 2^/'^ knots per hour; cut and stood to

sea; hove-to; at 2 a. m. wind at NE., and at 4 at ENE.

;

hea-\y gale with hard sqalls and a confused sea at noon; at

2 p. m. ESE. ; at 4 made some sail; at 7 p. m. ESE."

We learn from these observations, that 24 hours before

the outbreak of the cyclone, while the sky was still clear,

the swell was noticed, which on account of its originating

near the centre, showed also the direction in which that lay.

The barque "Lady Hayes" experienced a typhoon which

crossed the China Sea during the first ten days of August

1835; she was but a few miles distant from Macao. When
we examined the observations for the year 1834—1848

which hitherto have not been published, we found that this

cyclone was observed at Manila with fresh winds at 2 pm
and that strong rain- and wind squalls from WNW. and WSW.
occurred at 8 am. The barometer reached its lowest point

at 8 pm. The centre passed through the Bashi Channel, and

') Reid, The Progress of Development of The Law of Storms, and
of The Variable Winds. London 1849. p. 177.
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probably crossed the meridian of Manila at 3 am in the

direction W. by N. Reid prints a report about this cyclone:

"Lady Hayes.^) Early on the morning of August 5"",

we observed mdications of bad weather. At 10 am the

wind freshened a little from the same quarter it had

been in for the last twenty -four hours, viz., north;

so we thought it best to turn her head back again to

look for shelter, fancying ourselves to be about thirty

miles off the land. We carried a press of sail until noon,

when we found we had too great a distance to run before

we could get into shelter, and expecting it would get so thick that

we could not see our way; so we turned her head to sea

and clapped on as much sail as she could stagger under,

steering SE. by E. The wind being then at north we
were desirous of getting as far off the land as pos-

sible, expecting the wind round to the Eastward,

there being' a most tremendous swell from that quarter.

At 4 pm it was blowing in severe gusts and we shipping a

good deal of water, and the ship becoming unmanageable.

About 8.30 the wind began to veer to the west, but

continued to blow as hard as ever till midnight, when it

drew round to south, and moderated a little. It continued

to blow hard from that quarter until noon of the 6"", when
it moderated fast, and we began bending other sails in room

of those that were split."

Several ships took their observations at almost the same

place; in the last mentioned instance the centre passed over

somewhat higher latitudes. At each time there was a cyclone

in the Pacific Ocean which was felt on the unprotected coasts

of China (those which are lying opposite to the Channels of

Bashi and Ballintang), where a high and long sea came in

from the E. at least 24 hours before the approach of the danger.

The ship "Panama" was on the 23^* of October 1831 in

80 17' N. L., and 1I7<> 16' E. L. of Gr. Wind came out at

Southward and continued until 10 pm, then died away, and

1) 1. c. p. 193.
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commenced from the Northward with a heavy head sea.

Forenoon, breeze from NW. and clear weather. Lat. 9° 45'

N. Long. 1170 25' E.

24"' October. — Pleasant breezes from NW., and hazy,

steady weather. A sea rolling from the northward. I suppose

there has been a gale in the China Sea which has not yet

reached us. Evening, wind rapidly increasing, and barometer

falling from 29.76 ins to 29.41 ins. Midnight, reefed topsails,

9 am double reefed ditto, barometer 29.21. Ends with tre-

mendous gale from the westward and heavy sea. Barometer

29.10 Lat. 110 15/ N. Long. IIS^ 20' E.

25'" October. Heavy gale WSW., barometer 29.02, gale

hauling to the Southward; evening, more moderate. Made a

little sail; wind at 7 pm from SW; 11pm from Southward.

In the morning at 5 o'clock the wind came out at SE (baro-

meter 28.70) and blew a perfect hurricane. Hove to under

mizen staysail, barometer at 1 pm 29.05, 4 pm 29.00, 7 am

29.10, Sam 29.20.

The cyclone into which the "Panama" came was most

likely moving parallel to the equator, and with moderate

velocity, through the southern part of Luzon. The ship was

steering on a NE. course on the 23'''* and therefore fairly

parallel to the coast of Palawan; the high swell came from

the NE., which fact is undoubtedly due to the lie

of the coast. On this day the centre was presumably

approaching the vessel from the NE. Already on the 24"' the

high swell was coming from the N., a sign that the cyclone

was approaching. As the ship kept on her course, the centre

passed ahead of her; and the vessel was nearest to it on the

afternoon of the 25*'', when it lay to the NNW. The swell

was noticed about two days before the arrival of the centre.

At the same time when the ship "Lady Hayes" was met by

the easterly swell of the cyclone near Macao, other vessels were

400 miles further to the south, on the same meridian, in the

China Sea; they had a heavy swell from NE., and afterwards

from NNE.



- 191 -

Reid (1. c. p. 195) comes to the following conclusion:

"A storm like this might be expected to draw with it a mass

of water from the Pacific, owing to diminished atmospheric

pressure, which alone would be sufficient to create a current

round the north and west sides of the China Sea, and through

the Gulf of Tonkin."

The swell coming from the centre of the typhoon is like-

wise noticed in the higher latitudes of the China Sea. We
reproduce a few instances from the pamphlet of P. Froc,

The "litis Typhoon", July, 22'"i— 26*^ 1896:

The Chinese steamship Hsingfung, Captain Warwick,

being at 10 a. m. July 22"*, in 122" 36' E. and 35" N.,

remarks that the wind was fi^eshening between NE. and E. she

heads into a light SE. swell: at this moment she was at

610 miles off the centre.

The Chinese steamship Haeshin, Captain Mc. Kinnon,

was at noon, 21", off Town Island, in the vicinity of the coast

of China to the North of the Formosa Channel: (26" 42' N.

Lat.), she experienced strong NE. breezes and was tossed

about by a high ESE. swell: now she was at more than

500 miles from the centre, which was located almost exactly

to the ESE. This heavy swell, backing little by little to the

E., continously followed the ship up to Gutzlaff which she

reached on the 22°'', 8 p. m., having successively experienced

fresh NNE., N. and NNW. winds.

The J. C. M. Customs cruiser Pingching, Captain

Anderson, during her trip to the lighthouses at the mouth of

the Yangtze river arrived at Loka, near the east point of

Chusan Island. On the 21'', at the 4.30 a. m. the captain

reports a big and long easterly swell (the wind being at the

time from N. force 3) and too much sea to land: so he was

compelled to proceed on his voyage in order to make at

first a visit to Pei-yu-shan Lighthouse. When the swell

was encountered, the centre of the typhoon had just passed

the Liukiu group and was travelling at a distance of 350 miles.
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The swell makes Itself felt at a great distance.

The best point about this indication is the great distance in

which it appears; and it therefore often makes itself first

felt among all the indications.

The French steamship "Yarra'V) Captain Le Coispellier,

L. d. Y., coming up from Hongkong arrived on the 20*,

4 pm to the ESE. of Namquam Harbour in 26° 56' N. and

121° 5' E., up to this she experienced fresh NE. to NNE.

breezes and a superficial swell coming with the wind. Sud-

denly, the swell rises from the E. without any change in the

force and dfrection of the wind. Attributing to the typhoon

during the 20* a progressive motion of 10 miles an hour

towards the NW., which does not seem to be exaggerated,

since we shall further see it make 12 miles on the 21", we
may then state that at this moment the typhoon's influence

made itself felt in a westerly direction at a distance of about

650 miles: at all events, 600 miles will in all probability be

less than the truth.

We see therefore that a sailor in low latitudes may receive

warning from the swell three days beforehand, when the

cyclone is still moving with moderate velocity — as for

instance in the zone of the Archipelago — especially when
its direction is different from the direction of the wind blowing

at the time.

The French cruiser "Isly" left the Japanese island Kiushiu

on the 7"" of October 1896 for Manila, her course was at

first SW. by W. In the afternoon, in the approximate

latitude of Shanghai and 129° E. of Gr., convergent cin-us

were noticed in the SSE; they were the first indications of

a cyclone in the Pacific Ocean, which was at that time in

15° N. L. and 133° E. of Gr., and was therefore about 900

miles distant from the ship. The second indication for the

cyclone followed very soon. At noon on the 8"" a swell

coming from the SSE was noticed. The ship's place was at

noon on this date 29° N. and 126° E., the centre of the

cyclone had reached 16° N. and 135° E.; it was, therefore,

') Froc, 1. c. p. 12.
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to the SSE., and 800 miles distant from the ship. Whilst the

cyclone was recurving in the W. of the Channels of Ballintang

and Bashi, at Guam (Mariana Islands) on the 10* and 11"",

at a distance of more than 1200 miles, the swell of the cyclone

was felt five days before the passage of the cyclone itself could

be noticed there. This is an exellent example, showing that

a careful Captain is very well able to avoid meeting with a

typhoon in the Pacific Ocean. On the 10"" the cruiser "Isly

had reached the latitude of about 21" N. and 126° E.; the

centre was in about the same longitude and in 18" N., so

that it was 180 miles off. The reading of the barometer

was 29.57 ins. The ship was at 11.30 am between two

swells which were running against each other in opposite

directions. The observations do not tell us what directions

these swells had, but as the swell which was caused by the

violent wind at 9 am veered round at midnight with the wind

from NE. to E., we may suppose that one of thesei swells

was created by the typhoon Uke wind, whUe the other,

probably, originated in the centre of the cyclone.

On Wednesday,!) September 8"', 1897, towards 0.30 pm
the magnificent steamship "Empress of India", Captain 0.

P. Marshall left Kobe bound for Yokohama. The weather was

overcast but the atmosphere calm, yet the North-easterly

wind, which was anything but a gentle breeze in the fore-

noon, kept on freshening; shortly after the weather became

gloomy, the density of the cloud canopy deepened, its level

was reduced and the rain set in, but the barometer did not

as yet foretell anything of a portentous character, the maximum

of the 8"" was even 0.04 ins higher than that of the pre-

ceeding day. The steamer then entered the Kii Channel and

ploughed its waves with her usual easy run. Meanwhile the

terrible adversary was advancing from the South, on a course

which converged with that of the Empress of India. The

typhoon was at no great distance and its presence was soon

to be detected. The barometer in the Kii Channel was on

') Froc, The Typlmns of September gth and 29t>> 1897, p. 1 and

2. M. Z. 1899, p. 145.

13



— 194 —

the decline and the wind had set to E. Vi S.; from 6 pm
no doubt was left; the pressure, which as a rule should have

had an upward inclination at this time of the day, gave way

by nearly 0.06 ins per hour; in fact, a typhoon to the SW.

was rapidly approaching the south coast of Japan.

In addition to the above forerunners of the storm, a

most characteristic sign presented itself at 7.45 pm. The

vessel had just rounded the Island of 06 Sima, standing for

the offing outside the shelter offered her by the coast, to

steer for Uraga Channel, when she encountered a high SW.

sea while the wind from ESE. increased rapidly in velocity.

The cause of this swell cannot be ascribed to the deviation

caused by the coastal line of the general movement of the

sea governed by the action of the E. to ESE. breezes; it

was, indeed, a well defined system of undulations of great

volume radiating from the centre of the typhoon in all

directions and spreading far and wide as heralds of its

existence: this example is too striking to be slighted and J

embrace this opportunity of calling, in passing at least, the re-

newed attention of navigators thereto. Indeed, Captain Marshall

upon directing his eyes to the SW., perceived sweeping towards

his vessel huge waves combing over in the form of "rollers"

which are in their essential parts comparable to the surge

that runs from the deep sea on to the sandy coast, and the

spray of their foaming crests was caught by the already

strong ESE. winds. Their majestic march revealed the approach

of the enemy and indicated the quarter from which it was

to spring.

P. Froc, after having enumerated numerous observations

which prove that the swell which was noticed in the anterior

serai-circle of the "Iltis-typhoon", originated m the centre,

and was felt at a great distance, says:^)

It is quite clear that the point in question is not a local

accident but a general fact and pertains to the constitution

itself of the cyclone : all along the coast of China from Foochow

') Froc, The lUis-Typhoon, p. 13, 14.
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up to Shanghai, in the Yellow Sea and the Sea of Japan as

well as to the South of Corea and off the Goto Islands, at

500 miles at least from the centre, a very sensible swell is

observed in the semicircle situated in front of the trajectory.

Is this same phenomenon reproduced in the rear, after the

passage of the centre, at a distance equal to that just

stated? Observations are wanting for such an assertion, and

moreover the question is of secondary utility from the special

point of view of the forecasting of a typhoon. But from a

practical point of view and to remain in the front semicircle,

it clearly appears anew, that one of the first indications

forerunning the approach of a cyclone is the swell, an extra-

ordinary swell not agreeing with the direction of the

wind, and which by its presence points out not only the

existence of a centre of perturbation, but also its bearing.

It cannot be too much recommended to the look-out men to

have an attentive eye on the least variations of the swell,

especially at the typhoon season. Undoubtely, every slight

undulation which ruffles the ocean surface must not be regarded

as a forerunner of a great disturbance; but if their agitation

has been observed and other sigus subsequently are joined

with it, this indication will be invaluable as permitting more

complete solution of two questions : where does the danger lie ?

and what is its importance? because the swell comes from

the centre and in general it must be propagated further, and

consequently be felt sooner according as the causes of perturbation

worldng at the centre rage with greater energy.

Changes which the swell of the cyclone undergoes

on the coasts. We have already called attention to the fact

that the swell, if it meets serious obstacles, turns off from its

original direction. It then takes a direction which must differ

from that which exists at sea. It is impossible to lay down

definite rules to define the resultants of the various forces

which depend on the direction ot the track, and on the

positions of islands and continents towards each other. There

have, however, some empirical determinations of several changes

which the swell experiences owing the position of the coast

13*
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lines, and which may serve the sailor as a guide. We take

this opportunity of asking all sailors to keep a watchful eye

upon this phenomenon, so as to be able to assist by collecting

additional material.

The typhoon of the 9"" of September 1897 1) offers an

excellent example of the influence of the coast-line upon the

direction of the swell.

The M. M. S. N. Go's steamship Yarra, Captain Le

Coispellier, carrying the European mails to Yokohama, left

Kobe on September 8*'^, at 5.30 am with heavy rain and

fresh E. to ESE. breezes. At her departure the Richard

barograph (corrected) indicated the reading 29.80 ins, which

is but shghtly below the average on the S. coast

of Japan at this hour in the beginning of September. Once

in the Kii Channel, the Yarra soon met a heavy southerly

sea which become more and more marked as she advanced:

it was clearly the swell of the typhoon already alluded to

above, but now its direction was diverted by the land:

What precedes shows that the effects of the swell were felt

on the S. coast of Japan more than 16 hours prior to the

passage of the centre at its greatest proximity to 06 Sima,

that is to say, at an approximate distance of 580 miles.

When rounding the Siwo Misaki Cape, the appearance of the

weather was so threatening that the captain thought it prudent

to seek shelter under the Island of 06 Sima.

Froc,2) discussing the typhoons which most frequently

appear in the Formosa-Channel, during September says:

This example suffices, in my opinion, to show that the

swell radiates from the centre. It must however be remarked

that this indication is wanting rather often in the Channel,

when the centre lies to the East or Southeast of Formosa.

The great island act them like a screen, and checks the

primitive movement or at least turns it from its course.

It is thus that the movement rounding the coast to the North

') Froc, The Typhoons of September 9"' and 29'i>,
p. 6.

^) Froc. Typhoon Highways. Zikawei 1896. p. 34.
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of Tamsui can occasion a NE. swell at the northern entrance

of the channel, and round South Cape, can give rise to a

South or Southwest swell to the South of the Pescadores.

We have several examples of NW. or SW. swells observed

at Anping before these typhoons: besides we cannot expect

to see there a swell coming from any other direction than from

the S'"! and 4*'' quadrants. The wind freshening and the

barometer falling for the Formosa Channel, are surely at this

period of the year, the clearest sign of a disturbance in

the South. What will be the intensity of this perturbation,

would be difficult to say in advance, and the rapidity of the

barometric fall is not always a measure of the energy of

the storm, at least to the North of its trajectory and fairly distant

from the centre. What may be said again, is that a captain

steaming in these quarters and seeing the wind increase

considerably from the NE. in the north part of the channel,

from the NW. or W. in the south part, must be on his

guard if the barometer falls at same time, or even if it does

not rise. I repeat that if this wind due to the high pressures

of the North, we should see the barometer rise.

In case of a cyclone developing itself in the Pacific in

low latitudes, for instance between 6" and 10° N., we beUeve

it to be probable that an Easterly swell will show itself on the

east coasts of Mindanao, but a South easterly on the east-

coasts of the islands situated in higher latitudes up to the

North of Luzon. We say "we believe it to be probable",

because we can scarcely find any thing with regard to this

question in the observations from these parts. The parts of

the ocean between the islands will likewise be visited by

the swell; judging by the situation of Samar and the eastermost

part of Luzon, the swell in the sea lying between the islands

will come from the South eastward, as long as the centre

remains south of 14° N. The swell must especially come

into evidence between the north of Mindanao and the south

coast of Luzon. In Punta Santiago, the extreme southern

point of the southern peninsula of Luzon, a SE. swell was

noticed on the 11*'' of September 1897, when the SW.-winds

freshened up in Davao owing to the influence of a cyclone.
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which four days later crossed the central part of Luzon.

On this day the centre of the cyclone was far to the SE. of

the station Punta Santiago.

If the centre of a cyclone is near the Id"" degree of

latitude, and not too far from the Archipelago, a swell is also

generated in the southern China Sea, which at first comes

from the W., but latter on from the SW., the swell retains

this direction if the cyclone is crossing Luzon, and even after

it has traversed the island. The observations made at Punta

Santiago during the typhoon just mentioned offer an excellent

example of this. On the 11"" of September, the centre being

then almost 600 miles to ENE. of the station, a swell from

the SE. was running; on the 14"" the centre was ENE. of

the station, and the swell from W. When the centre reached

Luzon on the 15*, a heavy, south-westerly sea was prevailing,

being felt even on the west coast.

The same phenomena as at Punta Santiago, appear

generally in that part of the China Sea which is bordered by

the west-coast of Luzon from the 14"" to IS"" degree of

latitude, except that the sea does not run from the SE. The

ocean usually remains quiet until the stormfleld is near the

east-coast of Luzon ; then a swell from the southern quadrant

appears and increases according as the centre approaches.

If the centre is in high latitudes, the sea runs usually from

the south; but it is SSW. if the centre — as was the case

in June and July 1897 — is stationary at the eastern

entrance to the Channels of Bashi and Ballintang. If the

centre is in a position to exercise its influence upon the

south of the China Sea without being thereby checked by

the Archipelago, as happens when it moves toward the

Formosa Channel or crosses the China Sea itself, the cyclonal

swell develops itself freely and to great distances. It is

worthy of note that on the 14*'' of October a northerly swell

was observed at Cape Bolinao; it originated in the centre

already frequently mentioned which had crossed. Luzon on the

9'^ and 10"' of October 1896. It, nevertheless, often happens

that after a cyclone which had crossed Luzon, taking its

course afterwards through the China Sea, the SW. swell still
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lasts for some time, at least as long as the typhoon is

still situated at a distance from which it can influence the

west coast of Luzon. This was the case, according to the

observations from Punta Santiago and Cape Bolinao, when
the cyclone of the 28"» of July 1896 had crossed the island,

and reached the China Sea.

From what has been said, we may come to the conclusion:

1. If a cyclone has reached Luzon from the Pacific Ocean,

the direction of the swell in a large part of the China Sea is

to a certain degree directed towards the centre. 2. The swell

at the rear of the typhoon in the China Sea frequently does

not come from the centre.

We may very likely explain the first assertion by the

fact that the land of Luzon which runs from N. to S., destroys

the driving power, as it breaks the waves which for the

greater part are produced by the movement of the centre.

At such a time the centripetal force alone exercises its

effect over the China Sea.

The second assertion finds its explanation either in the

fact that the conditions in order to generate a swell do not

exist for the rear, or else — and this seems more probable

— that we have to do with the influence of the great currents

which have their origin in the Channels of Bashi and Ballintang,

if the sweU of the cyclone makes its influence felt on all

sides. The masses of water will propagate themselves

especially to the side of those Channels, where they do not

meet with obstacles. The waves which have their origin

there, and which are, for instance, driving toward the W.
opposite Luzon, combine themselves with waves which originate

along the shore owing to the immense drain of water. They

give as a resultant a swell from the third quadrant for the

time during which the typhoon is crossing the China Sea.

Damage caused by the swell along: the coast. It is

not difficult to imagine the devastation which the swell of

the cyclone causes near the centre and near the coast. Reid

quotes an example of this nature from the memoirs of
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Piddington; it concerns a ship which was on the 17* of July

1780 in the vicinity of Macao. But there are later illustrations

also, such as the cyclone in which the s. s. "Taal" was lost.

According to a report in a Hongkong paper of the 27"" of

September 1897 the centre of the typhoon reached Hai-Kou,

on the island of Hainan, on the morning of the 18*- Long

before the centre had reached the place, the swell began

to increase and the sea to rise to such an extent that,

although with usual spring tides the town was still two metres

above the sea level, some of the streets at the time of the

highest water level were live or six feet under water.

Damag-es caused by the cyclone wave. The damage

done by the cyclone wave is much greater and more

terrible than those which the wind usually does at sea and

on land; this is the case especially on the coast. P. Vinez

writes on this subject in "Apuntes sobre los huricanes de las

Antillas", p. 193; Whenever the meteor comes on to the

land from the sea, and drives the cyclone wave on the shore,

the velocity of advance has a great effect in raising the level

of the water, inasmuch as the movement of the cyclone

wave, in the direction of advance of the storm, exerts an

enormous force at the moment of impact in checking the

receding wave and so forcing the water up to a still higher

level. This was doubtless the main reason why the cyclone

of 1875, when passing over Cuba and afterwards on the

coast of Texas on the Continent, brought about such terrible

devastation by its waves. During the hurricane of October

1876 the rise of the sea, when the cyclone reached the

south-coast of the island was much greater than was the case

on the north-coast, when it was leaving the island.

As the last mentioned cyclone was approaching the coast

of Texas, the sea rose 20 feet abo^e its usual level. The

devastation was complete, 176 persons were victims to the

floods, the land which was covered by the wave of the

hurricane and brought to ruin was transformed into a vast lake.

We shall also quote as an illustration the Yap cyclone

of the 20* of January 1895 which has been described by
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P. Fr. Antonio de Valencia: On the IB*"" there were indications

of a cyclone in the North; on the 17"" the force of the wind

and the masses of clouds increased, but no rain fell; the IS*""

passed in a similar manner also. On the lO"* the cyclone

continued with rain and an overcast sky; at 10 pm the force

of the wind inci-eased very much, direction NNW.; the sea

was very high. — By daylight on the 20* the force of the

wind increased still further, the sky was overcast, it rained

at times; at Sam the wind from NNW. veered to WNW.,
but after an hour it backed again to NNW. At this time

(16 hours before the arrival of the centre) the sea had already

risen higher that the usual limits of the highest floods of the

year; the waves broke over into the forest. At 9 am the waves

had already reached the walls of our church and of our house;

and continued to rise incessantly; at 10 am it had got up to

the first story, and at noon the church and clergy house were

in ruins. During the whole rest of the day the sea was

frightful; this cannot be described, and I can only say that

the cyclone wave came on and poured into the first story of

the clergy house of which the partitions were already gone. The

sky remained entirely overcast and it rained without inter-

mission; the wind was NNW., increasing still in the afternoon.

After sunset it exhibited such a force that it blew down trees

and lifted and carried away the iron roofing of the houses

of our Colony. Thus it kept on till 10.30 pm. About this time

the wind, which had been blowing with hurricane force for

the last 24 hours, commenced to die down. The calm lasted

IV2 hours. At 12.30 am the wind began to blow with still

greater force than previously, uprooting or else breaking many

trees, and overturning the native huts. The SSE. wind which

took the place of the NNW., destroyed all that its predecessor

had left standing. By daybreak (on the 21") the wind

lulled down; there was a comparative calm at 7 am, the sea

having returned to its old level.

When, in the paper of the 20"" of May 1896, we were

discussing the principal qualities of the cyclone which made

its influence felt in our Archipelago from the 10"" to the

18"' of May 1896, we wrote as follows: Finally, we should
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not forget to mention that we have ascertained on good

authority that during the most terrible of all the typhoons which

traversed the Archipelago since the last 40 years, the level

of the water was still higher than in 1882. This phenomenon

cannot be explained by the force of the wind which, was not

more than 61 km per hour, and which amounted to 26 metres

per second only, during the squalls which at times were

noticed. It is clear, several factors must have co-operated.

First of all on this day high water occurred at noon, at the

time when the SW.-wind, increasing in force at the entrance,

was blowing into the wide bay; furthermore, at this time the

typhoon was crossing our meridian in the North, so that the

swell of the cyclone was therefore bound to develop itself to

its utmost height, whilst the wave of the cyclone poured

forth upon the west-coast of Luzon, and thus greatly influenced

the height of the water-level on the coasts. Besides this the

centre had remained for several days in the China Sea, and

had developed there its internal energy, whilst it was slowly

moving and had generated an immense cyclone wave in its

centre with which it then descended again from the sea on

Luzon. Manila was, therefore, this time on the front side of

the track of a typhoon, advancing from the sea; which was

not the case in 1882.

The Cyclone of the 16*'' to 18* of August 1879.

Report on a hurricane which the Passenger s. s. "Ciudad de

Santander" had to experience during a voyage from Havanna

to Spain: We left the port of Havanna on the 15"* of August

6 pm, there being no prospects whatever of bad weather; 24

hours later we had passed the Bahama Channel. On the

evening of the 16"' we had a smooth sea and light NE. wind,

the sky and the horizon being mostly covered with cirro-

cumulus; the barometer stood at 30.28 ins. Shortly after

dark we noticed a cross-sea from SE.; it became high at

midnight, the NE.-wind freshening up. Barometer 30.20 ins,

thermometer 81" F. The sky maintained its bad appearance.

The wind was fresh and squally with a corresponding sea

from NE., heavy swell from SE., horizon dark, sky covered
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with thick clouds; barometer 30.10 ins, thermometer 84" F.

The wind freshened up further in the morning, the SE. swell

became heavier, and the aspect of the sky still more threat-

ening. At noon on the 17* it was quite thick, heavy fine

rain, the lower masses of cloud moving toward W., the wind

grew stronger, coming more to the East during the squalls.

Very heavy swell from SE., and sea running from the direction

of the wind. The heat was oppressive, the look of the sky

and sea promised nothing but disaster. Barometer 29.90 ins,

thermometer 86" F.

At 4 pm a very stiff wind from NE. by E., and a corres-

ponding sea, very heavy SE. swell. The barometer fell

continually: 29.44 ins, thermometer 88" F., weather thick

and overcast, clouds very low and threatening, thick fine

rain, the look out limited owing to the darkness. The wind

gained an incredible force between 4 and 5 pm. Wild seas

breaking over us from various sides. The darkness was total.

The barometer fell during this hour with very violent rain

from 29.44 ins to 28.50 ins, the thermometer rising to 90" F.

There could be no doubt as to the centre of the cyclone

being very close. The serious fall of the barometer indicated

the quick approach of the hurricane, the whole vehemence

of which we were already feeling. Shortly after 5 o'clock

we hove to, for it was impossible to face the high sea.

At 5.10 pm it became calm, barometer 28.40 ins, thermo-

meter 92" F. As we came into the centre, an ENE.-wind

was blowing with heavy squalls lasting two or three minutes;

then calm prevailed all round us.

In the belt of calm the sea broke over us from all sides,

each of them was very dangerous for the ship which fought

bravely with the extraordinary strength of these mountainous

waves. The passengers remained very quiet in their cabins,

praying to God that He would break the fury of the ele-

ments, whilst the ships crew redoubled their labours du-

ring the danger. The water which was pouring into the

ships hold, was stopped out; the boats which the sea

was trying to wash away, were secured; the orders of the

officers were duly obeyed. The compass needles oscillated
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in such a manaer that it would have been impossible to steer

by them. The gray sky cleared up here and there, and then

the sun broke through for a few moments, so as to be able

to illuminate the scene of horror. The heat was suffocating,

a lot of birds of various kinds and sizes fell on the deck

either stunned or dead. The barometer had kept on faUing

from 28.40 ins to 28.20 ins; the rain ceased, and only the

waves in wild confasion and rage, continued their wrestling-

match during this death stillness. Although the wind was a

terrible destroyer, we longed for it nevertheless as a companion,

preferring its company to this frightful silence.

When we had been in the belt of calm for about ten

minutes, we perceived in the distance and in the third

quadrant a deafening noise which grew louder and louder.

It proceeded from the roaring squalls of the SSW.-wind which

we thought to be the wrath of Heaven. All the elements

were unchained. . . .

Eighth Chapter.

Other indirect indications.

Is the antieyclone an indication? Does an anticyclone

always precede a cyclone, and is it for this reason an indi-

cation of its advent? An anticyclone, as we understand the

word, is a region of high pressure, or a region with a

pressure higher than normal, enclosing a centre or a nucleus

of highest pressure, from which the pressure decreases out-

wards. In the anticyclone which likewise possesses a movement

of progression, upper and lower currents appear; and these are

contrary to those noticed in the cyclones. According to this

definition, the area of high pressure which at certain seasons

lies over Siberia would not belong to the anticyclones, for

the high pressure which exists there is normal for the

respective season, and besides this its movement is extremely
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slow. We answer this question as follows: 1. An anticyclone

does not always antecede a cyclone in our region. 2. Anti-

cyclones appear without any disturbance of a cyclonic character

or any depression showing itself. 3. Great areas of high

pressure have often been formed, without the development
of an actual anticyclone; and these were followed by cyclones.

4. If cyclones follow each other at short intervals, which very

often happens in these latitudes, neither an actual nor an

apparent anticyclone will be developed. 5. If a cyclone

appears after a succession of normal days, it is generally

preceded by a region of high pressure, which has, however,

not always the character of the anticyclonio circulation. With
regard to this subject we find the following in the Monthly

Review for October 1881:

Whilst this cyclone was moving across the Archipelago,

another was following from the Mariana Islands, which

announced itself first on the 23''*. The barometer had risen

a little, but it did not reach the level which it usually shows

at this time. With regard to this matter we would ask:

In this case where is the anticyclone, which is supposed to

be necessary for the formation of every cyclone? How is it

to be understood that one cyclone can form itself after the

other, and the second should follow the first on its track,

without there being found a single sign of the anticyclone

anywhere? The barometer, it is true, rose somewhat within

the short interval between the two cyclones, but this rise was,

in our way of thinking, by no means important enough to

confirm the theory of the anticyclones. At first we thought

this well based, and we tried to bring it in to unison with the

phenomena; but we have come to the conclusion that in many

instances this would be quite impossibte, and that usually the

phenomenon of the anticyclone with its characteristic symptoms

appears here very seldom in the same way as we notice it

before and after the cyclones of the Atlantic Ocean.

What P. Faura said, has been entirely confirmed in the

16 years that followed. We by no means deny the existence

of the anticyclone strictly speaking, but we disavow the

essential and necessary relation between this phenomenon
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and the cyclone. This suffices in order to say that the anti-

cyclone is of no importance, as an indication not even if we

admit that in some instances it may precede an atmospheric

disturbance.

P. Chevalier also in 1893 has examined the question,

whether it was true, as some suppose, that the cyclone is always

preceded by an anticyclone, and whether it be possible eventu-

ally to base a prognosis upon it. He expresses his opinion

as to this point in "Typhons de 1892, Shanghai 1899," p. 63.

64 and 68, as follows : After minutely examining the barometrical

curves from some stations, we are bound to reject this

supposition, as being without foundation as far as the typhoon,

of the 10'" of October as well as that of the 21'' of July 1892

are concerned.

In one word, it is not true that a higher pressure than

the normal always precedes the arrival of a cyclone at a

station, on the China coast at any rate. If however, the barometer

be actually higher before the typhoon arrives, this has at

least frequently nothing whatever to do with the cyclone. It

is, moreover, certain that a barometer which shows a reading

somewhat higher that the normal, is often not followed by

a cyclone. A higher barometer by itself is therefore of no

value whatever as being a prognosis for a typhoon. Still it

would, be a mistake, if you were to come to the conclusion

— as has been done — that I deny the existence of anti-

cyclones. These areas of high pressure and their systems

of wind, which have a contrary direction to those circulating

around the depressions, very probably stand in relation to

the latter. But this does not prove that an anticyclone must

precede a cyclone; it does not even prove that a hurricane

or a cyclone of a similar character must have an anticyclone

for a companion.

We do wrong, if without any proper proof, we propose

to jumble up two phenomena which are so unlike each other

as the cyclone which is of tropical origin, and the depressions

which have their origin in higher latitudes. An identity may
possibly exist, but in order to establish this claim we require

proofs, and these must first be collected. We may sav, that
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if the air rises in the interior of a cyclone, it must necess-

arily produce an increase of the pressure in the vicinity of

the cyclone. This is probably true, but this result is, perhaps,

not so evident, as to be noticed at first sight. Yet is is not

our intention in order to confirm facts, to deal with theories

which are, or may be, frequently liable to discussion we only

wish to estabUsh the facts themselves. This we propose to do

with the aid of three typhoons of the year 1892, those of the

17* of August, 6"' of September, and 23"» of July. ChevaUer

closes his investigation with the following words. Among the

five principal cyclones of 1892, we found one only in which
the preexistence of an anticyclone can be maintained. But

I have not been able to find out whether the anticyclone

existed on the front, on the rear, or on the right or left

semicircle of the typhoon, which depends upon it. We should

greatly deceive ourselves, if we considered a region of some-
what higher pressure with light winds, fair weather, and the

character of an anticyclone, to be an indication of the existence

of a typhoon. But we should be still far more wrong, if we
thought these phenomena of high pressure to be indications

of the fact that a cyclone will pass close by the place of

observation.

A region of high pressure around the cyclone. If

we look at the construction of a cyclone, it has the appearance

as if a region of high pressure were in a ring, surrounding

the body of depression and this has unsuitably been called

an anticyclone. This annular region becomes the place for

the extraordinary readings which the barometers occa-

sionally attain before the cyclonic fall appears. We do not

observe this ring of high pressure, if the cyclones are

following each other at short intervals, at least not on the

front part. It is, nevertheless, possible that the whole chain

of cyclones represents a large and prolonged region of de-

pression, round about which the annular region of high

pressure exists, so that the cyclones form themselves here,

as the secondary cyclones form themselves often out of the

body of depressions also without the existence of an area of

high pressure. It follows that a rise of the barometer above
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the normal level may lead us to suspect that there is an

atmospheric disturbance; but in order to put an end to all

doubt about it, we must pay attention to the other indications,

for at the very best this sign by itself is only entitled to

raise a suspicion.

The other indications, such as cirrus-veil, halos round

sun and moon, have been described by P. Vinez in such an

excellent way in his "Apuntes sobre los huracanes de las

Antillas", that we intend to follow him; he says on page

166-169:

Cirrus-y^il. The blue of the sky becomes gradually

overcast with a cirrus-\e\{, even before the cirro-stratus have

made an appearance as indications; this veil is hardly notice-

able at first, but it becomes thicker and thicker afterwards

until it forms a cirro-pallium. This is soon followed by a

homogeneous and dark stratum of clouds at a lower level,

nimbus, with continuous rain.

"Whether or not the various phases show themselves

regularly in rotation, depends on the approach of the cyclone

towards the place of observation, and on the distance at

which the centre is passing. The blue of the sky assumes

at first a somewhat whitish colour, but this colour changes

very soon gradually into a milk-white; the ciVrMs-veil which

now spreads closely and uniformly over the sky, assumes

next a dirty-white, ashy tinge. The colour of the sky changes

inperceptibly into a dark leaden-gray. The darlaiess increases,

and next a fine rain sets in, which is but temporarily inter-

rupted by rain squalls, which come from nimbus shreds flying

quickly past. The uniform and dark back ground which is

formed by the drrus-yeW., remains unchanged during the time

of the bad weather; it becomes occasionally visible through

the gaps between the low nimbi which fly along at a frantic

speed. In the central calm also this veil appears more or

less thick.

The gradation in which the various phases follow each

other, gives frequently useful hints as to the position, extent

and distance of the cyclone.

During the first stages of development the cirrus-\e\\ is



- 209 —

always more acutely developed toward the side of the centre

;

during the later stages on that side the state of the clouds

is always more dense.

If the cirrus-veil encloses or covers the cirro-stratus, and

the phases follow each other slowly with a decided fall of

the barometer at the same time this is a sign that the

cyclone has a great magnitude, and that it is still very far off

at the time when the drrus-yeiX appears.

Halos round the sun and moon. Halos round the

sun and moon usually accompany the cirrus-VQW.; parhelia,,

mock-moons, and aureoles round the planets and stars of the

first magnitude are less frequently observed. Every sailor

ought to remember that the halos which follow after fine

weather, are as a rule indications of great atmospheric,

changes; they are often followed by bad weather.

On the route from Havanna to Europe when taking

into account the general atmospheric circulation and the

cyclones, halos and the cirrus-Yeil are, in general indications

of SE., S., and SW. winds. These halos are to be looked

on with especial suspicion in those seas during the months

from July to November; we must then be very careful, and

must watch the barometer and also the sky and the sea^

beause then the enemy is generally not very far off.

The halos are at first but slightly developed; during the

second phase of the cirrits-yall they are especially beautifully

formed, but with the increase of the thickness of the veil

they go back in their development, and finally disappear

altogether. When, later on, the direct rays of the sun are

altogether cut off, the sun's disk is completely veiled and

covered; only the place can then be recognised where the

sun stands in the sky.

The dry, fresh, and fine weather which we enjoy owing

the influence of the anticyclone with a very high barometer,

freshens up our senses, increases our strength, and cheers

up our spirits. The opposite conditions exercise an all the

more depressing influence upon our senses and spirits, and

.find an expression in the dark, leaden hued sky, the oppressive

14
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and damp heat, and the low barometer, the companions of

a hurricane.

The change of the weather which is brought about when

a cyclone approaches, makes itself so much felt that we are

already able to predict bad weather by the discomfort, the

heaviness in the limbs, and the general indisposition, without

using any instruments at all. This is generally known in the

Antilles. Several causes co-operate in order to produce this

general uneasiness owing to atmospheric influences, among

others are the great diminution of the air-pressure, the rise

of the temperature, the increase of the humidity, the concen-

tration which the rays of the sun receive through breaks in

the cirrus-ya.i\; at times also there is not a single breath of

wind noticeable, whilst the aspect of the sky contributes its

share in order to depress our disposition.

Electric phenomena. We are satisfied with what we
have said about a "cyclone of the Philippines, strictly

speaking". This typhoon first crossed the Visayas on the 10""

and ll"" of May 1896, recurved in the China Sea not far

from Manila, crossing afterwards on its reversed track the

north-westerly part of Luzon on the IS"" of the same month.

It is known that a great inclination for the development

of electric phenomena exists on the borders of the body of

the cyclone which is the cause of the heavy thunderstorms;

this typhoon offers us an excellent proof for this. On the

S**" thunderstorms were noticed almost every-where In

Luzon, except in the region towards which the cyclone took

its route. The region of the thunderstorms became narrower

as the depression advanced, so that they were on the 9"^

very frequent in all parts of Luzon, except in the western

quadrant. On the lO"' the zone of thunderstorms was ex-

clusively Umited to the north of Luzon, proving the fall of

the barometer was a cyclonic one. We may derive here-

from a simple expedient, useful at times in order to fix

approximately the place of the cyclone.

Thunderstorms hardly ever occur in the interior of a hurri-

cane, and very seldom in the centre, or, if we express ourselves

more explicitly, they do not occui- on the border between



- 211 -

the absolute and relative calm of the cyclone. P. Algu6 has

mentioned the reason for this in the Monthly Review for June

1894, at pag. 165.

P. Vifiez confirms this also in his "Apuntes": "Should

an electric discharge take place in the cyclones, this occurs

much more probably on the rear than in the front." And

further on he says: "It is a phenomenon continually observed

(the absence of electric discharges in the body of the cyclones),

so that, if we observe in a cyclone the rolling of thunder or

the flash of lightning, we may take this to be a sign for the

break up of the storms. This idea is universal among the

natives. The roar of the thunder and the crowing of cocks

are in this country the unfailing barometer of the farmer.

As long as the cock does not crow and the thunder is not

heard, the hurricane will also continue; but as soon as the

li^'ely crow of the cock or the rumbluig of the thunder is

heard, the fury of the cyclone is broken."

The Scintillation of stars, and transpareney of the

air. Some authors are in the habit of quoting the scintillation

of stars also as indications; Montigny has especially sought

to bring this phenomenon into connection with meteorology;

ane we find it likewise mentioned by Reid, Redfield, and

other old authors. Should there be a connection between

the scintillation of stars and the vertical thermic gradients,

there must also exist a relation between the cyclone and

these same thermic gradients; however as yet we know but

very little on this matter. Moreover we frequently observe

the scintillation in the tropics during dry weather, and on

days when the air is exceptionally transparent, that is to say

when the cyclones which pass in the tropics through higher

latitudes, are rare. The trustworthiness of exceptional trans-

parency has, therefore, but ^ery, very little value as being

an indication of a cyclone.

The colouring of clouds. The colouring of the clouds,

as it appears especially at the times of sunrise or sunset,

is also often counted among the indications. The cirrus-\eil,

already discussed, sifts the light to a great extent, it lets

principally the red rays through, and absorbs the other rays

14*
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almost entirely when the oblique rays of the sun have to

penetrate through a large part of the atmosphere. This

refraction of the light at sunrise and sunset, as long as the

ctJTMs-vail is present, eifects a characteristic colouring of the

sky, which becomes copper-red or, as others call it, brick-red.

With the gradual disappearance of the light the red becomes

darker, adopting a bluish hue which occasionally continues

after sunset. Should there be solitary cumulus or cumulo-

nimbus near the horizon, vividly glittering and beaming

reflections of a preponderating blue tinge are to be seen on

their red tops. These colourings which many authors describe

in such poetic terms, appear, it is true, usually just before

hurricanes burst forth, but it is not less true that they are

likewise observed at times of simple atmospheric disturbances.

They appear most frequently when there are two distinct

disturbances on the horizon, the reason of this is that the

false cimis are taking the place of the cirrus-veii, and refract

the light just as well, and so give rise to all the various tints

and colours, just like the true cyclonic cirrus-veH. We have

also been able to notice other similar colourings, when the

sky was not covered with cyclonic cirrus. We must place

these colourings therefore in one category with the other

indications which we have discussed in this chapter.



Third Section:

Chapaeferislie Cvelones.

First Chapter:

Cyclone of the 5th—7th of September 1893.

(Plate 25.)

The cyclone belongs to the typhoons of Luzon and China;

while crossing Luzon, its mean velocity amounted, to 9.6

nautical miles per hour. The least distance of the centre from

Manilla was 280 miles, the inclination of its track toward

the meridian of Manila W 28" N. As is frequently noticed

this cyclone took, a more northerly direction in the China sea.

The first indications. A slow fall of the barometer

and fine rain was noticed on the 4"'. From the morning

of the 5"" the fine rain fell more copiously; a convergence of

cirrus showed itself in the NE. by E., and somewhat later in

the NE. The WSW.-wind kept steady throughout the 5*^ from

the morning on. All indications pointed to the fact, that a

cyclone would cross the meridian of Manila at a considerable

distance to the N.

Clouds. The direction of the lower clouds for September

is from WSW. to ENE. It could not be seen from this on

the 5* at 6 am, that Manila would enter into zone A of a

cyclone, when the barometer stood at 29.80 ins; at 9am
however the lower clouds, came already from the fourth

quadrant (NW.), and the barometer showed a slight rise at

that juncture.

Beginning with 9am on the U^, and accordingly 30 hours

before the absolute minimum of the barometer, the clouds
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Observations during the Cyclone of th^

Day and hour
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»" to the 7"* of September 1893.

Lower clouds
Rainfall

Remarks

N.

(k.-N.

xV.

Cu.-N.

N.

N.

N.

Cu.-N.

Ou.-N.

Ou.

S.-Cu., xV.

S.-Cu.

S.-Ou., A".

S.-Cu., N.

Ou.-N.

Ou.-N.

Cu.-N.

Cu.-N.

Ou.-N.

Ou..N.

Cu.-N.

N.

Ou.-N.

Ou.-N.

S.

N.

N.

S.-Cu., N.

Ou.-N.

N.

N.

S..Cu., N.

N.

N.

S.-Cu.,

N.

N.

S.-Cu.,

N.

N.

N.

N.

N.

v.

i\.

wsw
wsw
wsw

SWandNW
NWbjW
NW
NW
WSW
wsw
wsw
wsw
WNW
w

WSW
wsw

SWa.WSW
SW

SWbyW
WSW
WSW
SWbjW
SWbjW
SW
WSW
SWbyW
SW

0.004

0.004

0.004

0.024

0.035

0.004

1.425

1.122

0.205

0.035

0.158

0.051

0.008

0.256

0.528

0.472

0.311

0.689

0.118

0.028

0.032

0.004

0.012

0.075

0.063

0.020

0.032

0.138

0.004

Fine rain.

Horizon hidden by rain-clouds.

Rain.

Squalls from the 2"* and 3"' quadrant.

Squalls of wind and rain.

Squalls from the 2°* and 3''* quadrant.

Squally.

Squalls along the whole horizon.

Convergence of the C». towards NEbyE., faintly developed.

Squalls from the 2'"i quadrant; wind squalls of 33.5

Wind squalls 35.8—38.0 Engl. M. p. h. [to 35.8 E. M. p. h.

Fine rain.

Squalls 33.5—38.8 English Miles per hour.

„ 35.8-40.3 „ „ „ „

33.5—38.0 „ „ „ „ Rain.

„ 26.8 ol.o ,, „ „ ,, .^

Rain.

Rain, Squalls of 47—51.5 Engl. Miles per hour.

1 h 30 am rain squalls of 44.7—51.5 Engl. M. p. h.

Squalls of 38—42.5 Engl. Miles per hour.

Rain.

Drizzle.

Drizzle, Squalls of 40.3—44.7 Engl. Miles per hour.

Rain.

Rain 7h 38', Squalls from SW. of 44.7-51.5 Engl.

Very Uttle clear. [M- P- h-

Clears up somewhat in the 2"* quadrant.

Reasonably clear in the SSW.

Rain

Drizzle.

it

?)

Drizzle 6 h 23' ; squalls of wind and rain from SW. of

Drizzle. [49-60.5 Engl. M. p. h.

"
rain squalls of 31.3—35.8 Engl. Miles p. h.

„ „ „ 33.5—38 „ „ „ „

„ Clears up somewhat in the zenith.
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had continually a less divergence than the wind. This was

the case also after the barometer had begun to rise afresh.

The clouds which prevailed during the time of the fall

of the barometer were, of course, mostly nimbus and fracto-

nimbus; they were occasionally so low, that they were swept

along by the lower clouds, cumulo-nimbtts and fracto-cumulus.

These clouds covered the whole horizon to such an extent,

that the upper clouds could not be observed.

Rain. In Manila on the 5"" fine rain fell from 6 am

till night fall. The squalls of wind and rain became more

frequent after the wind had veered to SW. and blew from

this point. At 10 pm on the 5"" heavy rain was setting in;

it kept on almost without any cessation whatever till 2 am

on the 7"". The greatest fall per hour was 1.42 ins, whit a

SW.-wind. The total rainfall of the two days amounted to

7.66 ins.

Barometer. Manila was exclusively in zone A. The

daily movement of the barometer was, therefore, not concealed;

the amplitude and the hours for the maxima and minima

were alone changed. The absolute minimum was setting in

at about 3 pm, with SSW. and S.-winds. The ampUtude

amounted to 0.092 ins on the 5*'', and to only 0.056 ins on

the 6*-

If, as was the case on this occasion and as frequently

occurs, the absolute minimum sets in at hours which are

usual in the tropics, it cannot be determined whether the

least distance of the centre from the place has been reached

at that precise epoch. The greatest uncertainty on this head

prevails when the spot of observation belongs to zone A.

The probability, that the least distance of the centre has

been reached (at the time of the minimum) is for the forenoon

greater than for the afternoon, on account of the minimum

of the morning being usually not so deep as that of the

afternoon.

Winds. The wind veered from W. to S.; from what

we have said previously, it could not have been otherwise.

The force of the wind \'aried. The squalls increased in force

from 4 pm on the S**", the heaviest (60:4 English Miles per
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hour) were observed at 6 pm on the B*, and therefore

not much later than the barometrical minimum.

The prevailing directions of the wind are those which

are determined by the bearing of the centre, supposing that that

the place lies within either zone A or zone B. The directions

of the wind which are of a short duration only, such as come
on during heavy squalls, and especially those which deviate

from the preceding and subsequent ones, are here out of

the question. The directions of the wind given in the Table

are those which were noticed precisely at the respective

hours.

The further progress of the cyclone. We find a

description of the further progress of the typhoon in the

Meteorological Review for September 1893; in which is also

mentioned an occurrence which shows, that the storm warnings

from Manila are of very great importance to the Observatory

in Hongkong:

On the 5"" there were indications of a depression which

was lying to the NE. of Manila and was turning towards the

WNW. The centre passed through the Channel of Ballingtang,

reached the China sea, and then took a somewhat northerly

direction. This small trend to the N. was noticed at Manila

on the G"", and reported to Hongkong. But as, owing to the

carelessness of the telegraphic clerk, the telegram was muti-

lated (the word si was changed into y) nothing was

known at Hongkong of this trend of the cyclone toward the

NW., and it was taken for granted, that the typhoon would

land in the S. of the Colony. It was blowing hard from NW.
and W., on the 8*'' at night and again on the morning of the

9"" with extraordinary violence from the SW; the cyclone had

come very near the Colony in the N. The surprise was great

and the damage done in the harbour was greater still.

The Colonial Press issued a very severe criticism on

the Observatory in Hongkong saying, that it had not noticed

the recurving of the typhoon early enough, although Manila

had notified this fact three days before the arrival of the

storm, when it just commenced to make its influence felt in

Hongkong. Others again accused the Observatory of Manila,
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that it had announced that the typhoon was not further

turning to the N. The Spanish Consul in Hongkong explained

the matter by quoting the news papers from the Philippines;

and a message which was sent by the telegraph office con-

firmed the fact that the telegram of the G"" had been mu-

tilated.

The eharaetenstic qualities of eyelones which pass

far to the North of a place.

Remarks. 1. When describing the general qualities

and the course, we do not take into consideration, generally

speaking, the local influences which may modify these pheno-

mena, to a greater or less degree, but we propose from time

to time to refer to them.

2. "We wish to remind the reader, that by the word

„far" we imply a distance of from 500—120 miles. The

influence of cyclones will very often make itself felt at still

greater distances. The typhoons which cross Luzon extend

their influence not only as far as the Visayas but even to

the south of Mindanao. The influence is then, however, not

so great as to indicate danger for those regions; the progress

of the phenomena is likewise not sufficiently regular, to

enable us to derive from them important rules for practical

purposes.

3. From the map of the tracks it will be seen, that

during certain seasons some regions are not exposed to the

dangerous influence of cyclones. This is the case in the

months of the first group mth the northern part of the

Archipelago and the east coast of China, which are then not

affected by the cyclones which pass over the S. The reverse

takes place in the months of the third group; the typhoons

pass over the north of the Archipelago, while the south

remains intact.

This being premised, let us now pass on to discuss briefly

the general qualities of a cyclone which passes far to the

north of a place, and also the way in which the storm usually

shows itself at sea.

Clouds. The drri are usually the first indications of

an atmospheric disturbance. But as is it difficult, especially
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at sea, to distinguish the true cirrus from the false, which

may be present in great numbers in the outer regions of the

body of a cyclone they are not decisive. We must wait for

the appearance of other less doubtful symptoms, such as for

instance the direction of the intermediate, and especially of the

lower, clouds. If we notice, that the intermediate clouds come

from a northerly direction, but the lower, from a point of the

fourth quadrant, with an inclination to veer to the W., and if the

barometer shows a fall, even if but a slow one, we may be

certain, that there is a cyclonic centre lying between E. and

NE. from the observer. If with this prognostic is associated

the orientation or the convergence of the cirrus towards this

direction, all doubt is set aside, especially if the given direction

of the intermediate and lower clouds is maintained for a few

hours; for there is no season in which the normal direction

of the intermediate and lower clouds is that of the fourth

quadrant. If the lower clouds, and correspondingly the inter-

mediate ones veer round to "W., or even to the third quadrant,

without the barometer falling considerably, the centre will

pass far to the N., and the place will not leave thezone A.

At sea we have above all to watch the swell of the cyclone.

Rain. The rainfall is usually very heavy in a typhoon

which passes in the N. It frequently happens in the Archipelago,

that the rain region extends considerably over the quadrant

of the cyclone's left side. Such cases have occurred in the

Visayas when centres passed over the N. of Luzon, even

when they crossed the Channels of Bashi and Ballingtang,

as happened at the end of June and at the beginning and

end of July 1897. If the cyclone keeps its place, or should

it be advancing but slowly, the rain will last for several days.

The rain-squalls are under such circumstances usually more

frequent and copious in the third quadrant of the cyclone,

and therefore at a time when the barometer commences to

rise, or is rising already.

Barometer. The fall of the barometer is slow, as long

as the place lies in zone A. The daily oscillation does not

disappear, it is only the hours for the maximum and minimum

and the amplitude which change. The best sign that a
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cyclone is passing at a distance is the drift of the lower

clouds from the third quadrant (southern quadrant), without

there being a great fall of the barometer.

Winds The direction of the wind is usually, before

the clouds appear, already from the third quadrant, if a cyclone

is passing far in the N. The wind comes, therefore, steadily

from this direction before the clouds, although rain squalls

and other causes may for a short time be able to produce

small changes. The force of the wind is very variable and

intermittent; it does not always correspond to the movement

of the barometer. Should the distance of the centre be more

than 250 miles, the intervals between the rain- and wind-

squalls are usually very long; so there occur longer pauses.

Experience teaches that the wind- and rain squalls become

more frequent from midnight to the break of day; but if the-

cyclone is on the point of moving farther away, it is most

squally at noon and during the afternoon.

Second Chapter:

The Cyclone of the 1st to S^d of October 1894.

(Plate 25.)

The cyclone belongs to the class of those of Luzon and

China. The mean velocity, when crossing Luzon was, 7.9

nautical miles per hour. Distance from Manila 80 miles.

Direction of the track, when crossing the Archipelago, W.
25" N.i)

First indications. On the 1" of October at noon,

39 hours before the cyclone crossed the meridian of Manila,

notwithstanding the high altitude of the sun a plain con-

vergence of cirrus was noticed in the E., which led one to

suspect the e5dstence of an atmospheric disturbance. This

') This typhoon has already been fully discussed in "6aguios 6

tifones de 1894", p. 102—109.
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was at the same time at which, according to a Honglcong

telegram, the typhoon which had crossed the Archipelago on

the 28"^ of September, was recurving in the N. of the Golf

of Tonquin. The barometer stood above its normal level.

From 1 to 3 pm darkness and rain prevailed in the easterly

direction, and also thunderstorms and electrical phenomena,

which occur frequently on the outer-side of a cyclone, were

not wanting.

Observations during the typhoon. The barometer

stood about midnight on the 1*' although still being high 0.079

ins lower than at the same time on the day before. At 1 am
the N. wind which was accompanied by a drizzle and rain

squalls, began to freshen up; every thing pointed to the

conclusion that Manila would soon be in zone A of a new
typhoon.

Fall of the barometer. The slow fall of the barometer

took place on the 1^' during the day time; the distinct fall

commenced at 9 pm, and therefore 29 hours before the lowest

reading of the barometer, and the greatest force of the wind,

which were observed on the 3'''^ at 3 am. The rapid fall,

during which the daily variations became lost altogether, com-

menced on the 2""^ at 9 am.

Rain. According to the observations given in the Table,

drizzle and in the 1^* quadrant (N) rain was setting in at

Manila at 2 pm on the 2°*, the barometer showing 29.69 ins.

There were no thunderstorms, this being a proof, that the

rain belonged to a cyclone. Up to 10 pm on the 2"* drizzle

only prevailed, but during the rapid fall of the barometer,

with SW.- and S.-winds, the rainfall during the squalls became

heavier and more copious. The total amount was 1.61 ins.

The largest quantity during one hour at the time of the

greatest force of the wind, from SW., was 0.224 ins. This

all corroborates what we have said about the influence of

the geographical position of Manila and the distribution and

amount of rain during cyclones.

Clouds. In addition to observing the dn-i, as being

the first indications, we have to pay attention to the direction

of the lower clouds, and to compare their movement with
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the change of the wind direction. From 11 am on the 2"*,

15 hours before the barometrical minimum, the movement of

the clouds was generally speaking less convergent, forming

with the wind direction an average-angle of 36". After the

centre had crossed the meridian of Manila, the angle was
still 34°. This confirms what we have said in the 1«' Section,

Chapter 3.

Wind. The force of the wind increased gradually from

4 am on the 2""* till 3 am on the S'*; it did not reach force 10

Beaufort scale, most probably before the centre had passed

the meridian of Manila the direction of the wind was not so

steady as that of the clouds, but the prevailing directions of

the wind indicated the place of the centre correctly. The

veering of the wind from N. through W. to S. took place in

accordance with the laws which govern the circulation of

cyclones.

The Barometer and the barometrical gradient.

The amplitude during the decisive fall of the mercury did not

reach the amount of 0.040 ins. The barometer fell during

the rapid fall at an average rate of 0.216 ins per hour. The

mean gradient during the rapid fall was 0.661 ins, but when
the wind had reached the force of 10, it rose to 1.039 ins.

The further progress of the cyclone. As the

cyclone had reached the China sea on the 3"'*, it did not

change its direction at first. At noon, on the 4"", it turned

more to the northward recurving on the S"", to the S. of the

Portuguese Colony of Macao; passing next very close in a

NNE.-direction on the N. of the Colony; it disappeared most

probably at a short distance from the east coast of China. We
reproduce the following account from a report dealing with

this typhoon, published by "The Hongkong Daily Press":

Though no doubt the havre wrought by the hurricane

of the 5"", has been very wide spread, the Colony may

congratulate herself that the loss of life and property was not

so serious as would certainly have been the case if the storm

had burst upon us at unawares.

This storm was the worst which had visited the district

since the famous hurricane of 1874. The wind blew just
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as hard now as on the former occasion but the violet squalls

did not last so long, nor did they come on so frequently.

On the present occasion the direction of the wind was better

for us it blew from between NE. to SE., but never get back

as far as N. from which point it would have occasioned more

casualties. The centre passed over us during day light where

as in 1874 this had occured at night which had rendered

it impossible to make any arrangements, such as were carried

out on the recent occasion.

In 1874 not a single craft lying in the harbour excepted

wreck or damage, 2000 lives were lost and the city looked

as if it had gone through bombardement and sack. Every

where one saw houses unroofed walls blown down, the streets

were blocked with ruins and rubbish, the roads with trees

either uprooted or broken, and these were often of consider-

able size. Many bodies were washed ashore for the tide

had been very high and the sea had taken a great part in

the work of devastation.

On this occasion there were much fewer mishaps to be

noted, the few lives that were lost went down in small

steamers or native boats, and the damage was confined to

a few unroofed houses and objects of small value.

Without doubt the ruin would have taken greater

proportions if we had not had previous intelligence of the

approach of the hurricane and accordingly we must set a

very high value on the telegraphic reports from the Manila

Observatory. Before the Colony was connected with the

Philippines by the Bolinao Cable we had nothing to trust to

but our own observations. We need only refec to the last

hurricane of September 24—25. to show that these are not

enough. Manila informed us of the hurricane reported from

the Philippines, and pointed out the direction in which it

was moving, the Hongkong observatory had then to observe

its subsequent course. We had had timely notice from

Manila, on the occasion of the Hurricane of September 23,^

that its course was from SSE. to NNW. This observatory

assumed that its centre would pass East of us, and did not



— 225 —

issue a warning till it was already quite close. This delay

caused much loss of life and property.

So far the »Daily Press*.

We add to the above that the direction from SSE. to

WNW. which was given by the Observatory of Manila, had

reference to the track of the typhoon so long as it lay to the

E. of Luzon. The telegram sent to Hongkong on the 22°* of

September at 6.30 p. read as follows: The typhoon appears

to be NE. of Manila, very close to the NE.-coast of Luzon;

the direction seems to be from SEE. to NNW., if it does not

change.

The characteristic qualities of cyclones which cross

the meridian of the place of observation close by in

the north.

From the southern part of Luzon to the extreme south

of the Archipelago the effects of the cyclones which move
about in the N., can be felt during the season of most frequent

atmospheric disturbances, although in the months of the third

gToup the general tracks or the zones of the cyclone's tracks

run through higher latitudes than those properly belonging to

these regions. It will be of some use for practical purposes

to fix the characteristic qualities of those cyclones which

travel in higher latitudes than those of the place of observation.

As we have already characterised the typhoons which cross

the meridian of the place of observation far to the N., the

only ones which remain are those which pass close by in

the N.

Clouds. With regard to the cirrus, we refer to what

has been said in the preceding Chapter. The directions of

the wind, the directions of the lower, and perhaps of the

intermediate clouds offer, as a rule, very useful hints as to

atmospheric disturbances ; in our case they offer almost certain

indications. If the lower clouds come from the fourth quadrant

(this direction being for the whole year an abnormal one)

and if the barometer falls, even though slowly, this is an

undoubted sign that there is an atmospheric disturbance
15
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lying E. of the observer. These signs appear nearly always

half a day before the wind attains a great force, or the baro-

metrical minimum is observed. In the case of which we are

speaking the respective observations were made 20 hours

previously.

If the motion of the clouds at the time of either the gradual,

the distinct or the rapid fall of the barometer veers round

to the third quadrant, the centre will pass at a greater or

less distance. If the clouds are changing their direction in

this sense during the time of the gradual fall of the barometer,

the centre is passing at a considerable distance. If the shift,

however, takes place during the distinct or rapid fall, then

the centre is crossing near or very near to the meridian of

the place.

Rain. Fine rain sets in when the clouds and winds

are still coming irom the fourth quadrant; slight rain squalls

recurring at intervals are, however, characteristic for cyclones

which traverse the meridian in the N., if the directions of

the wind and of the clouds are changing. The amount and

frequency of the rain are no signs for the distance at which

a cyclone is passing. Both show a great changeableness,

which doubtless depends on the different degrees of saturation

at the places which are struck by the cyclonic winds. The

graphic representations of the cyclones which pass by to the

N. of the place (Plate 26), and the characteristic cyclones

hitherto discussed show that the rain falls more heavily

and correspondingly the rain-squalls become more frequent,

if the winds are already steadily blowing from the third

quadrant, but often not before the barometer has already

begun to rise. This happens not only at Manila where the

geographical position is, no doubt, of some unportance, but

also at most other places in the Archipelago.

The Barometer. The barometer begins to fall slowly

when the wmd and clouds commence to take the direction

of the fourth quadrant, and mostly a day before the greatest

force of the wind. The distinct fall occurs before the clouds

veer round to the third quadrant; the rapid fall is usually



- 227 -

only noticed with centres which do not vary much from those

passing by very close. Should the slow fall occur a long

while before the centre passes, the amplitude is usually still

great at the beginning, decreasing by degrees and disappearing

altogether during the rapid fall, — should this come on at

all. If the slow fall occurs one or two days before the

absolute minimum, the daily variation will remain below the

normal one ; accordingly during the distinct fall the dislocation

of the hours for the maximum and minimum of the day is

greater. We get a good idea of the difference between the

cur\'es of a gradual a distinct and a rapid fall by comparing

them with a normal curve. If we compare the latter with

a curve of a gradual fall, they run almost parallel, but the last

named curve constantly (0.04—0.08 ins) lower than the first

one. The difference grows by degrees greater just as the

hours for the maximum and minimum likewise dislocate them-

selves gradually. In the case of the curve of a distinct fall

the form is on the whole still maintained, but the differences

and the displacements of the epochs for the extremes are

greater. "With rapid fall the similarity with the normal curve

has quite disappeared; an inclined line, which exhibits at most

very slight variations, takes the place of the double wave.

The Wjind. Just like the clouds, the wind commences to

blow from the fourth quadrant, but it does not keep so steady,

being at the time of the gradual fall sometimes still influenced by

the sea breeze. If, however; the place be in zone A, the

wind is of great use taken in company with the other indica-

tions. About the veering of the wind we can say nearly the

same as about that of the clouds; If the wind comes from

the third quadrant and from the South, this is a sign that

the centre is passing at a greater or less distance from the

place of observation; but we must always keep our eye on

the barometer.

The graphical pepresentation of the mean changes

in some meteorological elements, whilst the centre is passing

near in the N. (Plate 26.)

15*
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We have thrown together into mean values the meteoro-

logical elements, which have been collected whilst some

cyclones were passing close in the N., and drawn the Plate

accordingly.

The Clouds. The clouds come already from the fourth

quadrant; 36 hours before the absolute minimum sets in they

veer slowly round to the third quadrant and have a steady

westerly direction for 6 hours before the absolute minimum.

The shift to the S. also takes place gradually at the time

when the barometer begins to rise again.

The rain. The rain becomes more frequent and heavy

as soon as the wind has an incUnation towards the third

quadrant; it is heaviest with a WSW.-wind; it falls only

occasionally when the wind is from the third quadrant and

from the S.

The barometer. The gradual fall commences 36 hours,

the distinct 18 hours, and the rapid fall 6 hours before the

absolute minimum. Of the cyclones which were employed

for the construction of the mean curve, many crossed the

meridian at a distance of more than 90 miles; the mean
values for the boundaries of zone B are 60 and 120 miles;

the rapid fall has, therefore, but httle chance to be exhibited

in the curve.

The Wind. As the force of the wind changes very

much and besides this often does not correspond to the

barometrical gradient, at least not during the gradual and

distinct falls, we have contented ourselves with showing the

direction only. By these means the observer, in connection

with the fall of the barometer, is enabled to follow the

movements of the centre. The wind changes its direction a

few hours before the clouds.

The gpaphieal pepFesentation of the mean movement
of some meteorological elements, whilst the centre is passing

very close in the North (Plate 26.)

Clouds. As in the preceding case the clouds come from
the N. long before the outbreak of the cyclone; but they
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are not so steady, because they frequently veer round to the

first quadrant. Experience teaches this peculiarity of the

cyclones which are passing very close to the Northward.

It is the season why an observer, when an cyclone threa-

tens from the SE., can only with difficulty decide whether the

storm will cross the meridian to the S. or N. of his station.

If the clouds have a NE.-direction, veering to ENE. and E.,

we may be sure that the typhoon will pass by to the S., as

was the case with the terrible cyclone which traversed the

ocean between the islands, and passed over the Visayas also

to the S. of Luzon, on the 12"' and IS"- of October 1897.

The opposite will take place when the lower clouds in their

motion belong to the fourth quadrant.

The barometer. In the drawing the three portions of

the curve, gradual distiact, and rapid fall, are marked by

letters. According to this it is scarcely possible to avoid

noticing the gradual fall of the barometer; the observer need

not therefore, be surprised by the close approach of a cyclone,

especially if the fall follows upon a succession of fine days.

If the typhoons follow each other at short intervals, the ob-

server will have his attention excited, if he finds that the

barometer does not reach its normal level.

Wind. If a cyclone is on the point of passing very

close in the N., the wind very seldom changes its direction

in the first quadrant. If this sort of shift has once taken

place, the wind will not keep steady in the NE.; it keeps

in the NNE., but there is alw^ays an incUnation, as the figure

shows, to veer to the third quadrant. It depends on the

distance of the centre whether the shift is rapid or slow. If

we compare the preceding figure with this we shall find that

with a cyclone which passes close, the wind will shift to the

"Westward much sooner, than with one which passes very

close to the point of observation. In the first case the wind

comes from the "West twelve hours before the arrival of the

absolute minimum of pressure, but in the second only three

hours beforehand.
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The Rain. When a cyclone passes very close to the

point of observation the amount of rain is very great. It

increases as the barometer rises, as the figure shows. Al-

though the observations refer specially to Manila the sequence

of the phenomena seem to be much the same all through the

Archipelago.

Third Chapter:

The Cvclone of the 20*^ of October 1882.

(Plate 27.)

Fortunately it seldom happens, that the actual centre of

a cyclone passes over the place itself; we cpiote, nevertheless,

such an example, for in this case only the phenomenon

develops all its grandeur and its dreadful effects.

Some cyclones of which the centres passed over

Manila. The typhoons of this nature, of which we have

scientific observations, are six in number.

1. The cyclone of the 22'-* and 23^'^ of October 1831 was

extraordinarily destructive at Manila and Cavite its centre

passing over the Gulf of Manila, crossing the meridian of the

place to the Southward.

2. The typhoon of the ll"- to the 13'" of October 1839

very much resembled the preceding, and was equally de-

structive.

3. The cyclone of the 4"' to the 5'" of August 1839

cut the place with one chord of its central calm, the other

part of the calm lay to the Northward.

4. The typhoon of the 25"' to the 27'" of September

1840 closely resembled No. 3.

5. The cyclone of the 5'" to the 9'" of September 1847

likewise passed very close in the N.
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6. We, finally, quote the typhoon of the 20"" of October

1882 which has been most carefully observed; for the most

part it passed to the N., cutting Manila with a chord of the

central region. We reproduce what has been said about this

cyclone from the excellent observations of Padre Faura; they

are published in the essay "Ligeros apuntea sobre el huracdn

del 20 de Octubre 1892".

The typhoon belongs to the second group, to the cyclones

of Luzon and the China sea. While it was crossing Luzon,

the mean velocity was 15.8 nautical miles per hour. The

distance of the centre could not be ascertained, although the

veering of the wind showed that it would pass on the N.

The mean inclination of the track to the meridian was W.
200 N.

First indications. The first indications showed them-

selves at noon on the IQ"" of October 1882, about 24 hours

before the arrival of the centre, by a fall of the barometer to

29.78 ins. It was not until very late that the presence of

the typhoon could be determined by the first direct indications.

The high clouds, the direction of which on other occasions

can be ascertained 2 or 3 days before the arrival of the

centre, were not observable.

In contrast to this the high clouds of the typhoon which

passed very close to Cavite on the S"" of November 1882,

were already observed at 9 am on the S'*, and therefore

51 hours before the centre. The cirro-stratus appeared as

long ribbons, fastened to each other like a row of fir-cones,

with a convergence to the ESE; the velocity amounted to

9.6 miles per hour.

Up to noon on the 19"' of October 1882 there were

no opportunities of observing either the cirro-stratus which

are of such great value in fixing the bearings of the centre,

nor the drrus-yeWs and solar halos which seldom fail when

the storm is so near, nor the characteristic tints of the clouds

at sunset which, in company with the cirro-stratus, enable us

to fix with mathematical certainty the seat of the centre and

the intensity of its development. This had its reason in the

fact that on the 18"" at sunset and on the 19"' in the
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morning the sky was entirely covered with nimbus. This is

also the reason why in higher latitudes the cirrus are hardly

ever visible as indicators of cyclones.

The first symptoms are to he detected by a comparison

of the barometrical observations from the l?'*" to the 20*.

Difference in the range of the barometer.

6a 9a noon 3p 6p 9p

ins ins ms

Days 17'" to 18*

18'" to 19'"

19'" to 20'»

-0.010
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lay in the track of the cyclone. This veering also confirms

the thought which we expressed when we said, that

the more pronounced is the veering towards the fourth

quadrant and the W., the more does the centre pass to

the Northward. This is shown by the mean curves which

correspond to the cyclones passing to the Northward. If a

centre passes close to the N., the clouds fi'om the fourth

quadrant (NNW.) will be observed as much 30 hours before

the absolute minimum; but if the centre should pass very close

to the N., the clouds frequently turn first towards the first

quadrant and do not come steadily from the fourth quadrant until

about 18 hours before the barometer has reached its lowest

reading. In our case, in which the centre crossed the place

with a chord to the Southward the clouds came from the

fourth quadrant scarcely 5 hours before the lowest minimum.

At the beginning, while the barometer is still falling

slowly, the three cases show the same characteristics.

Rain. The rain began at the time of the distinct fall

of the barometer; it was raining in torrents when the wind

near the centre was coming from the NW., and it was still

heavier when the wind went to NNW. The quantity of rain

decreased as the barometer rose.

The barometer. We have already said that the baro-

meter commenced to fall slowly at 9 am on the 18*. From

that hour till 10 pm on the 19* the barometer showed but

a very gradual fall; the daily variation was still perceptible,

only the amount of the fall increased, whilst that of the rise

decreased.

At 10 pm on the 19* the pronounced fall commenced

and lasted till 6 am on the 20*, upon which the rapid fall

came on. In the Table it is stated that the barometrical

minimum took place at 11,40 a, 8 minutes before the com-

mencement of the relative, and 12 minutes before the com-

mencement of the absolute calm. As soon as the relative

calm was reached again, the barometer began to rise suddenly,

so that from 11.54 to 12.02 it had reached again a height of

28.74 ins; the wind was at the same time blowing with its
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former fury, but it had gone to the SW. An observation of

the hurricane shows that the second partial change lasted till

6 am on the 20*, and then the total first change set in

until the passing of the centre.

The winds. From the afternoon of the IS* the direction

of the wind varied between NE. and NW. ; on the morning

of the 19"" there was no sea-breeze and this in connection

with the gradual fall of the barometer aroused suspicion,

which increased when, at noon on the lO"", the wind com-

menced to blow steadily from between NNE. and NW. It

must be specially mentioned that no wind coming from the

first quadrant was recorded when the squalls began to blow;

and from this fact we concluded that Manila had entered the

outer zone of the cyclone. We got wind from the North

when the barometer fell to 29.72 ins, no doubt, in con-

sequence of the squalls. The latter show a tendency to

lessen the cenvergence of the wind, as soon as the place

has entered the zone A. If we imagine to ourselves a line

drawn on the disc of the Cyclonometer cutting the centre

parallel to the central part and running from E. 20" S. to

W 20" N., we shall find that on the southern side of this

line there is a remarkable conformity between the wind-

arrows drawn on the disc and the wind-directions which

prevailed in the cyclone.

The direction and velocity of the total body of the

cyclone. An 5 am on the 20* the following warning was

issued in Hongkong: "A typhoon has reached Manila from

the E.; direction WNW." This warning was not quite accu-

rate, but was near the truth, as was proved by the obser-

vation of Manila and the training-ship Maria de Molina, which

then was lying in Olongapo, a harbour near Subig. The later

place was on the centre also, and still more so than Manila.

But whilst in Manila the centre principally lay to the North,

at Subig it remained somewhat to the South. The direction

of the cyclone may be fixed in this way, that the centre

first reached the Catanduanes Islands, and from thence took

its way over Daet and Manila in order to reach the sea

once more at Subig.



— 237 —

[n order to determine the velocity of the typhoon we
have the following data: The centre passed Manila at the

time of the lowest barometrical reading, which lasted up to

11.52. At Olongapo which Ues to the WNW. of Manila with a

trifling tendency to the W., the lowest barometrical reading

was noticed at 2.15 pm. The time which elapsed amounted
to 2 hours and 25 minutes; the velocity was, therefore, about

19 nautical miles. This is the highest velocity which we
have been able to observe hitherto. At the time that the

first indications of the cyclone became noticeable, it must have

been distant sill about 370 miles.

We are not in a position to say whether the typhoon,

after reaching the China sea, kept its direction or not; we
have no observations for this.

The barometer fell more slowly than it rose after the

centre had passed; to judge by this, the gradient must have

been less during the fall, than during the rise. The isobars

round the centre cannot therefore, have taken a circular

coarse, they must have been further apart on the front than

on the rear; they formed an ellipse, at the second focus of

which the centre was lying.

For the convergence of the winds we have the obser-

vations from 2 pm where the centre had already passed

Manila. The places of observation are: Sual in the NW. by

N., Subig in the WNW., St. Luis de la Pampanga in the N.

by W., Puerto de Mariveles in the WSW., Galamba in the

SSE, and Punta Santiago in the SSW., as regards Manila.

Had the winds taken a circular course, then they would have

blown necessarily at Sual from NE. by E., at Subig from

NNE., at Mariveles from NNW., at Calamba from WSW., at

St. Luis de la Pampanga from E. by N., and at Punta Santiago

from WNW. But they were N. at Sual and Subig, WSW.
at Mariveles, SW. at Calamba and Punta Santiaga, and NE.

at St. Luis de la Pampanga. To judge by this, the wind

direction were not circular, but convergent.

The effects of the cyclone. From the velocity of the

wind and the form of the barometrical curve we are enabled
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to form an approximate idea of the violence of the cyclone

but this, however, will fall far behind the reality. Only a

man who has for 2^/^ hours heard the tremendous roar of

the hurricane and experienced himself that the house he was

in was cracking and shaking before the blasts of the wind,

which was still increasing during the squalls, can know how

to describe the force which comes into action in such cyclones.

The best instruments mostly go out of action and succumb

to the force of the elements. The strongest buildings are

unable to withstand the strength of the wind, their roofs

are stripped and carried off. Solid metal bends like a spring,

great trunks of trees are uprooted and, blown away for long

distances as if hurled by an enormous invisible cannon.

Position of Manila as to the eentFe. At the moment

when the typhoon passed Manila was the spot, where the

wind was most terrible and destructive. The winds were

already extraordinarily destructive on account of the extremely

great fall of the barometer; and added to this was the upward

movement which the wind took at the place. The barometrical

gradient here was 0.886 inch for the equatorial degree, but

the storm is already considered heavy, if the gradient amounts

to 0.177 inch; so that the gradient explains the great force of

the wind, but not its sudden decrease in the calm. We have

already remarked that the less rapid fall was followed by a

more rapid rise of the barometer. Both phenomena the force

of the wind, and the movement of the barometer, were

apparently caused by an inclination of the axis of the cyclone

in the direction of the track. Before the commencement of

the calm the winds were blowing extremely hard for about

11/2 hour, but after the centre had passed for only about

half an hour. At 12.30 we sent a message to say that the

centre had passed, and that now a strong SW. wind of but

short duration would follow this was exactly correct. We
based the prognosis upon the fact that the nimbus which

were drifting over the earth a short time before and had

obscured the view, for even a short distance, were rising

suddenly; this was for us a sign that the wind had begun

to ascend. To this was added an observation which proves
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the destructive force as well as the ascending movement of

the wind. All possible objects, even heavy ones, were carried

up to a considerable height. The Manila Observatory lies

34 metres above the sea level. At a distance of 200 metres

there were a group of palmtrees. At 11 o'clock one of these

was torn out of the ground, thrown up as high as the

Observatory and hurled against the pillar which contained the

axis of the anemometer. This whole portion of the apparatus

was destroyed.

During the typhoon of the lO* of August the winds

reached the great velocity of 94 and 98.5 Engl. M. per hour;

and maintained that for 8 hours. Nevertheless the destruction

caused by the cyclone was but small, because the wind at

our station at that time had a descending direction. One

of the crosses bearing the cups of the anemometer was

blown off its axis, and fell almost perpendicularly to the

ground; had the direction of the wind been horizontal or as-

cending, the cross and cups would have been blown far

away.

After the centre of the typhoon had left Manila the force

of the cyclone was broken. At Manila the absolute minimum

was 28.62 ins, on board the "Maria de Molina^'', however,

only 28.90 ins. As the error of the barometer amounted to

0.08 ins, the difference is 0.36 inch. The barometer was,

therefore, not lower than we find it during the usual cyclones

which develop great violence.

Fourth Chapter:

Cvclones which pass very close to the South.

Cyclone of the 28*" and 29*" of Oetober 1883.

(Plate 28.)

This cyclone belongs to the second group; it crossed the

Archipelago with a regular mean velocity (10.4 nautical miles

per hour) in a direction W. 22^ N. (WNW.); the centre re-

mained off Manila at a distance of about 30 miles.
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The first indications. At 1 pm on the 27* and there-

fore 36 hours before the centre had reached the least distance

irom Manila, convergent drrus streaks were noticed in the E.

by S. which maintained their direction and convergence up to

the time of sunset. The idea was hence justified, that the

centre of a cyclone lay in that direction.

The clouds. The cirrus came from ESE. at their usual

rate, the lower clouds S.-Cu. constantly from NE.

Barometer. The mean barometrical height was 29.949

ins on the 26*'', 29.906 ins on the 27*; the mean reading

for October amounting to 29.875 ins. So that on the 27*

the barometer stood above the normal; speaking generally,

the reading of the instrument gave, accordingly, no reason

for uneasiness. For all that it was not difficult by making

proper use of the observations, to deduce from them signs

which, taken in conjunction with the other indications, revealed

the approaching of the cyclone, which devastated the country

around Batangas, and which was severely felt at Gavite and

Manila. If we compare the barometer of the 27* with that

of the 28* of October, we shall find that the three stages

of the barometer fall plainly appear in the differences.

1. The barometer fell constantly, but slowly, as is seen

by the differences between the hourly observations of the

26* and 27*.

2. The variations increased very much from the afternoon

of the 27* until the occurrence of the absolute minimum, at

midnight, on the 28*; so thet they present us with an excellent

material for the discovery of atmospheric disturbances.

3. On the afternoon of the 27* and still more on the

28* the daily course of the curve changed very much. The

daily minimum which comes on between 3 and 4 o'clock in

the afternoon, occurred on the 27* at 5 pm and on the 28*

did not appear before 7 pm. The minimum for 3 or 4 in

the morning of the 28* was pushed on as far as 6 o'clock.

The amplitude of the variation for the morning fell to 0.007

ins; and it also remained very slight during the afternoon of

the same day. Connected with this decrease of the ampKtude

that was a partial secondary change in the barometrical curve.
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4. The two other stages of the fall of the barometer

came out also clearly. The marked fall commenced from the

28* at 3 am and therefore 21 hours before the absolute
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5. The barometrical curve at the rear side is extra-

ordinary steep.

The Winds. The prevailing direction of the wind was,

excluding the sea-breeze, NE. on the 27""; on the 28*'' it

drew to N. and NNW. This in conjunction with the baro-

metrical fall was a sure sign that the cyclone was approaching

the place. The fact that the NNW. wind lasted for 15 hours,

without any further W. inclination being noticeable, was

characteristic for the fact that the cyclone would pass by to

the S. To this must be added the direction of the lower

clouds from NE. But as neither the wind nor the clouds

changed their direction and did not turn their direction

towards the fourth quadrant, the cyclone was bound — as

could be seen a long time beforehand — to pass close

to the place of observation to the Southward. We consider

the direction of the clouds to be the most important element

in order to find the position and the direction of the cyclone

centre, because they are not exposed to the deviation which

the wind very often suffers in consequence of local conditions.

We add to this cyclone a second one which passed very

close to the place of observation.

The Cyclone of the 5*" and 6"' of June 1896.

(Blate 28.)

On the 4"" at noon a distinct halo round the sun was

noticed from the Manila Observatory, and in an easterly

direction convergent «n-Ms-streaks, The convergence lasted

during the afternoon and the following morning; the alto-

cumubis showed the same convergence for several hours also.

On the eastern coasts the weather was threatening, although

the barometer showed no indications; on the contrary, it rose

on the S'*, remaining comparatively high also on the 4"" and

5"\ It is true, the rise was very irregTiIar, and several

stations in Luzon reported a barometer rather unsteady. The

prevailing winds also gave but little feeUng of security,

especially in the southern part of the Island; where the winds

on the 4*'' and 5*'" were almost constant, coming from the
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first quadrant. The Observatory published the following

newspaper-notice: "Barometer not very steady; the state of

the clouds and the prevailing winds o^er the Island point

towards the passage of a depression of small diameter in the

South of the Archipelago. Prevailing direction of the wind

East; rain in the South; electrical phenomena as far as up to

the northern quadrant." That these fears were not unfounded

very soon appeared. Already on the 5"' a fall of the baro-

meter occurred at the stations Tayabas, Atimonan, Daet,

Tobaco, and Albay, and at the same time the winds from N.

and NE. kept steady; this showed the approach of a cyclone

in the S. of Albay. In Calbayoc the barometer also fell, and

this to 29.658 ins, lower than in Albay. The wind which

had blown there at 3 pm on the B"" very strongly from NW.,

backed round to the ^Y. and SW. ; and at the stations of the

Visayas and the North of ilindanao it came almost from the

same point. From this could be seen, that the cyclone

reached the Archipelago between Albay and Calbayoc, and,

as it traversed the Straits of Bernardino, it gradually approached

the latter station.

The newspaper notice on the G"" ran as follows: "Baro-

meter generally shows a desisive fall; the depression announced

yesterday has been strongly developed; the position of the

centre threatens to be dangerous for the southern part, and

accordingly for Manila also. According to observations from

Tayabas the centre has fortunately turned more toward the

W.; it will therefore, apparently further keep away from

Manila, than was feared. The squally Northerly winds will

therefore gradually draw round to NE., E., and SE., unless

a change in the direction takes place and this will eventually

be announced."

The clouds. They soon showed an inclination to veer

round to the East, which took place in a few hours from

NE. to SSE. The clouds except a few ^'ery low ones which

came with the wind from NXW., had a direction from the

first quadrant. This was a sign of the great velocity and

small size of the cyclone nucleus, which were the cause
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for such great destruction in tiie Inland Sea. Tlie more rapid

the veering of the clouds to E. takes place, the more certain

is it that the centre will pass to the S. of the place.

Barometer. In this instance the slow fall of the baro-

meter was not so soon noticeable as in the preceding cyclone;

it first came on from midnight on the 4* to 9 pm on the

5*. The decisive fall with partial secondary change lasted

till 4 am on the 6"', and the rapid fall lasted till the absolute

minimum was reached at 3 pm on the B""- The fall dis not

correspond to a cyclone passing very close, but the typhoons

passing to the S. do not lower the barometer so much, be-

cause their diameter is usually smaller than that of those

passing to the N. This is also the reason why the region of

destruction usually has a smaller extent.

Rain. Not only the zone of the rapid fall, but zone B

already were characterised, especially on their front side, by

large quantities of rain.

Wind. The winds were not steady till after the be-

ginning of the decisive fall and corresponded to the usual

laws of cyclones; a sign of the small size of the cyclone

nucleus.

Fifth Chapter:

Cyclones which pass by near and far to

the South.

We do not intend to go on with the enumeration of

characteristic examples, because the cyclones of the Philippines

which we shall deal with in Chapter 7, are strictly speaking

typhoons in their first branch which pass near and far

to the S.

The clouds. The upper clouds usually come from the

second quadrant, fairly near the south quadrant, a day or two

before the cyclone crosses the meridian of the place of ob-
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servation; and so during the Gravina-Typhoon on the 9'" Mai

1895 the ciri-us came from SE; where the centre also lay.

Very olten the featherlike cirrus which may be observed for

some time, come from the southern quadrant, as in the

cyclone of May 1894, for which the other meteorological

elements gave but little information. This typhoon passed

through the southermost part of the Archipelago. The lower

clouds come in the first instance from a northerly direction,

and later, as soon as the cyclone commences to affect the

barometer, but before it crosses the meridian, they come

from the first quadrant. If this shift takes place rapidly, but

without going as far as E., and if the decisive fall of the baro-

meter has commenced, then it may be considered probable

that the centre will pass by at a great distance to the South-

ward.

If the centre passes far to the South, then the lower

clouds usually come for some hours steadily from ENE.,

without the fall of the barometer assuming the decisive stage.

If the centre passes nearer to the S., the clouds will like-

wise come from ENE., but at the same time the barometer

shows a decisive fall. An example for the first case is the

Gravina-Typhoon, 1) for the second one the typhoon of Samar
and Leyte which has become notorious owing to the destruc-

tion which it wrought {12*^ and 13"^ of October 1897.)2)

Rain. The amount of rain depends very much on the

direction of the wind-squalls, whether they are favourable for

the condensation of the vapour or not. The direction of the

rain-squalls may at the first be valuable for fixing the position

of the centre; and if the wind comes, for instance, from the

North, drawing round to the first quadrant during the rain-

squalls, it may be taken as a sign that the centre will pass

to the Southward.

The Barometer, If the barometer was normal or above

that for a few days, then on the approach of the cyclone a

gradual fall commences, sometimes two or three days before

') Algup, Baguio del "Gravina." Manila 1895.

'') Algup, El Baguio de Samar y Leyte. ilanila 1898.



- 247 —

the meridian is crossed; this fall is a valuable indication and

at least should be taken as a warning. In Manila the fall is

usually not so great as when a cyclone approaches on the

N. side. We have not been able to determnie whether the

same occurs also at all other places in the Archipelago. At

any rate it may be said that, if the daily variation does not

disappear, the place will not come out of Zone A. If a more

considerable change of the amplitude occurs, then the place

may come into Zone B, or the cyclone pass by close, because

we may assume that for Manila and the greater part of Luzon

the barometer has, as already said, a less tendency to fall.

The Wind. About the wind we may say much the

same as of the clouds. If a cyclone approaches in the S.,

the winds come from the, first quadrant. The probability that

we are feeling winds caused by a cyclone, will be all the

greater, the more their direction de\iates from the normal.

The shift will be all the more rapid, the smaller the distance

from the centre; it is very slight and almost zero, as has

been observed in Luzon, when a cyclone is moving through

the southernmost part of the Archipelago during the months

of the first group. The shift takes place always from N. to S.

We once more repeat that at certain seasons certain

places will not be touched by any cyclones passing by in the

S. Such places are, for instance, Iloilo during the months of

the third group, a,nd more certainly still the regions situated

further South, accordingly the southern parts of the Islands

Cebu, Panay, Negros, Bohol, Dinagat, Mindanao, Basilan, and

the Sooloo-Lj'.ands.

Sixth Chapter:

The Cyclone of the 20*^ to the 22°^ of

November 1892.

(Plate 29.)

We find a brief description of this cyclone in the Appendix

to the Observations of the :Manila Observatory for 1892:

From the 17*'' to the 25* of November 1892 a deep

depression crossed the Pacific-Ocean. Its place of its for-
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mation appeared to have been outside of the Western CaroHna

Islands; its effects were felt at Agana on the 17'i, and at

Goreor during the night of the 18*— 19"^; it then took a

direction which was very threatening for the Island of Luzon,

bin fortunately it recurved on the 20"' to the X., though still

it exercised a strong influence upon the barometers in the SE.

of the Island. The depression passed close to Cape Engaflo,

on the 22'"^, recurved to the NXE., and soon back again to

the NE., without visibly slackaing its speed, as usually is the

case; on the 23"''^ the cyclone reached Japan, and crossed

the whole South of the Empire in less than 24 hours.

This cyclone belongs to those of the Pacific and Magal-

haes. The mean velocity was 12 nautical miles per hour.

When cutting the latitude of Manila the track had an incli-

nation of W. 560 N.

The clouds. On the 20"" of November during the whole

afternoon the lower clouds came from NNE. On the morning

of the 21"' they had veered round to NNW. and NW., the

barometer was falling and the downward movement becoming

more marked. At the time of the barometrical minimum, in

the afternoon the clouds came from WSW. Every thing pointed

to the fact that the centre had approached Luzon and crossed

the latitude of Manila. The clouds took then a WNW.-
direction again, coming almost the whole day from this point;

and at the same time the barometer rose again. These were

proofs, that the centre was recurving in the Pacific.

The observations of the high clouds gave the following

results

:

1. Cm-Ms-streaks from NNW. to SSE. during the time

durinLt which the centre lay NNE. from ilanila.

2. Later arborrescent cirrus in the NNE., remaining for

several hours. The centre must lie there, in fact the cyclone

after the rocurvature, 'or some time turned toward this direc-

tion (NNE.)

The Rain. The quantity of rain was Imt small and fell

almost exclusively with the winds from a SW.-direction.

The Barometer. The movement of the barometer cor-

responded exactly to that of a recurving cyclone. Although
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this time tiie recurvature occurred more rapidly than usual,

the centre nevertheless remained for some time at the same

distance from Manila. This is probably the reason why the

low barometer lasted such a long time; on the 21^' the in-

strument remained almost during the whole day standing

near 750 mm, although the daily range was still plainly visible

though its amplitude was small. The slow fall protracted

itself, and of the desisive fall there were but slight indications

noticeable, so that Manila can have scarcely entered into

Zone B.

The Wind. At the beginning the direction of the wind

was changeable, because of the upper currents not being steady.

On the 20"^ the prevailing wind came from NW., from a

direction which corresponds to the approach of a centre, and

which in reality took place. On the afternoon of the same

day the wind veered to N., drawing next to ENE. and E.

;

this stood undoubtedly in connection with the rain which

made the winds direction less convergent. Although this

shifting of the wind may be anomalous, the clouds kept

nevertheless steady in their NNW.-direction. As the centre

recurved, the wind drew to the fourth quadrant, and soon

afterwards to the third quadrant, without the barometer

falling any more. This confirms the rule: If the wind shifts

from the 4''* to the 3'"'* quadrant (the barometer being steady

or rising), the centre is recurving to the E. of the observer.

The upper and lower currents became, more developed after

the cyclone was passing along the second branch of its

parabolical track.

Seventh Chapter.

The Cvclone of the lOtn fo the IQth May of 1895.

(Plate 30.)

We may call this cyclone the typhoon of Iloilo, on account

of its passing by very close to the S. of this place. It kept

the population of Luzon, tor 8 days in anxiety, and in its track

caused great destruction. lu its appearance and progress it
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was normal; and it belonged to those of the Philippines in

a strict sense, because of its influence being felt only in this

groupe of islands. The mean velocity when crossing the

Visayas was 10 miles per hour; when it recurved in the

China Sea, its velocity did not amount to more than 3 miles

per hour, and when it was crossing Luzon a mean velocity

of 11 miles per hour was observed. The intermediate in-

clination of the track was very changeable; in its first branch

is was WNW., after recurving to the W. of Manila, it followed

the direction of the first quadrant, having a steady inchnation

to the N.

Observations. We content ourselves with giving in

the Table three-hourly observations, especially as we have

represented on Plate 30 the principal meteorological elements.

The First Indications. The electrical phenomena

have already been discussed (pag'. 210.) During the first

hours of the morning on the 11"^ Ci.-Cu. which came from

ESE. were noticed, the centre then being to the S. by E. of

Manila; a second indication was the gradual fall of the baro-

meter which commenced at noon on the lO'*".

In order to give a better view of the various meteoro-

logical elements, we shall divide the cyclone into three

sections which follow each other naturally: 1. The first branch

of the parobolical track; corresponding in the phenomena

which were observed at Manila, to those of a cyclone which

passing to the S. 2. The recurvature, showing the characteristics

of a cyclone recurving to the Westward. 3. The second

branch; for Manila this section has the characteristics of a

cyclone which crosses the meridian to the N., but is moving

from W. to E.

The First branch. — The Clouds. During almost

the whole morning of the lO"' the lower clouds came from

ENE., the barometer falling slowly. In the afternoon the

nimbus had the direction ESE., but on the 11"' the cumulus

came still from E., whilst the barometer kept on falling

slowly; the centre crossed, therefore, far to the S. On the

morning of the 12"^ the du-ection of the clouds was ESE., in

the afternoon SE.; this direction still lastet early on the 13"',
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but in the afternoon it iiad sliifted to SSE.; at noon the

centre had not yet crossed the latitude of Manila to the W.

The Rain. During the first section rain had fallen almost

incessantly, but it was not very heavy, the wind being mostly

easterly.

The Barometer. On the 11* the barometrical curve

showed after a slow fall a partial minimum, corresponding to

the nearest approach of the centre. This the cyclone attained

when crossing the meridian of Manila. The distance became

greater when moving further up into the China Sea. When
the cyclone commenced to recurve on the IS"", a further

minimum occurred, but the daily movement was preserved

and the fall was a slow one.

The Wind. As in the first branch the distance was

always greater than 200 miles, the currents on the earth's

surface could not become tully developed. In the beginning

the winds were northerly, next they came from the North-

quadrant, having a tendency to draw round to the E.; on the

afternoon of the 12*'^ they came with ESE. from the second

quadrant. On the IS"" early, the wind came from SE., going

round to S., from which fact, with the renewed fall of the

barometer, it might be concluded that the centre was about

to recurve.

The Recurvature. — The Clouds. The direction of the

clouds which for almost two days remained the same and was

accompanied by the slow fall of the barometer, was on the

13* SbyE., on account of Manila remaining during this time at

an almost constant distance from the centre. On the 15"'

the motion of the clouds inclined toward S. and SSW.; the

centre most probably crossed our latitude on this day.

The Rain. It rained in this section also, though not very

heavily, yet without interruption.

The Barometer. As the currents on the earth's surface

veered round to S. and SSW., the barometer fell slowly,

reaching its absolute minimum when the clouds were already

coming from the third quadrant and the wind blew from

SSE. and S. on the morning of the 17* earlv. The dailv
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range and the slow fall were still observed, so that Manila

remained in Zone A.

The Wind. The winds direction — SE. shifting somewhat

to SSE. — kept steady from the afternoon of the 13'^ untill

noon on the 16"^, whilst the centre was recurving very

slowly.

The second branch. —The Clouds. The clouds came on

the afternoon of the 16 already from the third quadrant, veering

slowly to W.; the centre made attempts to go back to the

Archipelago in its second branch. This is an excellent example

for the cyclonical circulation, which becomes all the more

valuable, because convergent cirnts-stripes appeared in the

NE. on the 18'^, leaving no doubt as to the position of the

centre. The cirrus and lower clouds crossed each other at

an angle of about 12", which again corresponds to what we

have already said with regard to the direction of the lower

clouds in the rear of a cyclone.

The Rain. The quantity of rain which fell at Manila, and

the lower currents also which fixed themselves in the third

quadrant, are of special note; they confirm in all its entirely

what has been said about local influence.

The Barometer. On account of the greater inclination of

the track, the barometer rose quicker than it had fallen. The

variation early in the morning on the 18'^ could only have

had a small amplitude, because the rise was greater than is

usual about the time of the beginning of the barometericalcal fail.

The Wind. On account of the centre passing to the N.

of Manila, early on the 18"^ a westerly direction. They had

gone round three quadrants of the compas. The centre had

travelled from SE., by S. and W. to NE., and consequently

the winds were bound to change from N. to W., "backing"

through E. and S.

Remarks. In conclusion this cyclone gives, occasion

for the following remarks: The axis of the cyclone may have

an inclination towards different directions at different places,

as was the case at Tacloban and Iloilo. The winds of the

same cyclone are in a different degree convergent, and the

more so in the front than in the rear. — In the body of the
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cyclone thunderstorms (strictly speaking) do not appear, whilst

they are very common on its outer borders. A diligent ob-

servation of the direction of the wind and the fall of the

barometer are of excellent service, in order to fix the position

of the centre.

The typhoons of the Philippines, strictly speaking, are

not as rare, as appears to be the case. A short time ago

only (1895) the Gravina-typhoon became very notorious on
account of its tragical results. We are of opinion that it was
cyclones of this description which were noted down in old

accounts, and which are said to have caused destruction in

the China Sea opposite Manila for several days in the Month
of May. "We intent to quote only one instance: Juan de

Montiel was cast away on these Islands, after being ship-

wrecked with his galleon near the port (Manila) in on the

29*'' of May 1654. It was impossible to bring assistance for

14 days, on account of the violence of the storm, and the

castaways, were exposed for a fortnight to the fury of the

weather ^) without food or clothing.

Eighth Chapter:

The anomalies in Cyclones.

Anomalous cyclones or the anomalies in cyclones, in

consequence of the voluminous material would receive, much
more attention in this treatise, if its aim were not practical.

Exceptions from the rule are frequent. We make a distinction

between real and apparent anomalies. Among the first we
count stationary cyclones, cyclones without rain, cyclones

with a heavy fall of the barometer, but without any or with

verj light wind, cyclones with strong winds but without any

considerable fall of the barometer, cyclones which move

toward the SW. etc. Apparent anomalies are due to the

effects of other forces which have nothing to do with the

') History of Jlindanao and ,Iol6, hy Pere Dr. Combes, of the

Society of Jesus; (published in JIanila 1667, reprinted 1897); pag. 566.
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cyclone itself. To this class . belong simultaneous cyclones,

secondary cyclones and cyclones which are broken up by

other currents etc.

If for any reason a local cause for the derangement of

the thermic equilibrium between a central and an adjacent

part of the atmosphere exists and lasts for some time the

conditions for the formation of a cyclone have been called

into being and this, though independent of the duration of

the disturbance of ecfuilibrium, may nevertheless, be much

furthered and strengthened by it. As the cause itself is de-

pendent on a certain locality, such a cyclone can, therefore,

have no forward movement.') The conditions for the for-

mation of a stationary cyclone are reproduced on every

oceanic island during summer. The annual variation of tem-

perature on shore is much greater than at sea, and although

the annual mean temperatures of both are almost the same,

the island becomes in summer much more heated than the

surrounding ocean especially in the higher latitudes where

the annual variation of temperature is great. This is not

only a condition which is generally necessary for the for-

mation of a cyclone, supposing that the other conditions

necessary for the formation of the cyclone are given — the

vertical gradients of temperature and aqueous vapour — but

a condition which is lasting and especially active during the

day-time, and which maintains the vertical and cyclonic

circulations independently of the other conditions.2) Is it

possible to explain in this way the centres of low pressure

which at times originate to the North of Luzon and during

the months of the highest temperature, and which show no

motion whatever for days?

Whether the motion of translation is essential or not

for a cyclone, we do not intend to discuss here, but to state

that we have often observed from Manila in the NW. and in

the NE. also of Luzon cyclones which apparently remained

stationary or nearly so for two, three or even more days.

') Ferrel, A popular Treatise on the ^^'inds, p. 318.

') Ibid., p. 231.
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bringing with them rain and wind from the third quadrant,

which extended even to the Visayas and the South of the

China Sea. These typhoons are known among the natives as

"collas". As the centres always remain at a great distance

from Luzon, it has been impossible to determine, whether they

are altogether motionless, or whether their motion is only

very slight. At this great distance they have the effect of

being motionless. If this is the case, they must be counted

among the real and not the apparent anomalies. These

cyclones are observed at the end of May, and in June and

July. They may be easily traced in the publications of the

Manila Observatory.

Cyclones without rain. Rain seems to be an essential

condition for a cyclone, or in other words, rain is a constant

companion of cyclones; but cyclones are observed, though

seldom, which are not accompanied by rain. Such typhoon

swept, for instance, over Manila during the IQ*** to the 21^*

of September 1891; we have represented it on Plate 29.

The distribution of rain round the cyclonic centre may be

very changeable, and it is in this typhoon also not excluded

that rain did fall, in the inner zones, on account of Manila

lying on the outermost boundary of Zone A. AVe know of

no case previously, in which a centre of a cyclone had passed

over a place without any rain.

Serious fall of the barometer without wind. Although,

as has been said, the force of the wind does not depend on

the absolute fall of the barometer, but on the rapidity of the

fall, it is not usual that any serious fall occurs without wind.

In September 1894 we noticed that the barometer fell to

29.22 i. during a typhoon and that the wind scarcely freshened

at all. Algut! has treated the case explicitly in "Baguios tifones

de 1894" ,we wish only to remark here that the cyclone had

filled itself up in the centre partly at least, in the same way,

as these tornados usually do.

Strong wind with a slight fall of the barometer.

We have at times and especially in June 1895 noticed another

anomaly, when a cyclone was passing over the North or

Luzon. The barometer had first fallen to 29.76 i., when the

17
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force of the wind rose to 7 or 8 a thing which otherwise

rarely occurs when a cyclone is passing close by in the S.

This anomaly may be explained by a partial depression, or

else by rapid condensation of aqueous vapour, which would

account for strong winds and rain-squalls appearing at a great

distance from the centre, should the conditions be favourable.

Reid tells us that the ship Ariel from the 15* to the 18*

of November 1837 experienced a terrible hurricane in the

China Sea, during which the barometer fell to 29.80 i.; all

sail were blown away by the force of the wind. And further

on the Captain adds that within 24 hours after the storm

the barometer had risen again from 30.10 i. to 31.30 i. This

height, is moreover extraordinary, for the latitude in which

the ship was (between 14° and 12" X.) We consider that

this occurrence is most probably to be explained by an error

in the barometer, and that it should not be counted as a real

anomaly.

Cyclones which deviate considerably in their path

from the normal tracks. These anomalies seldom occur.

In September 1892 and in September 1895, however, there

were such cyclones; in both cases simultaneous cyclones

(twin-cyclones) existed. To this class belongs a typhoon in

October 1892 which recun-ed in the interior of Luzon and

afterwards turned completety toward E.

Apparent anomalies. — Simultaneous (twin)-cyclones.

It occurs pretty frequently that at the same time tAvo or

more cyclones become developed; the configuration of the

Archipelago seems specially to contribute to this phenomenon.

We have already said that in the China Sea typhoons but

seldom form themselves without a cyclone existing in the

Pacific, and experience has confirmed this beUef more and

more. A sailor who observes the formation of a typhoon in

the China Sea should remember that the centre in the Pacific,

according to its position, may influence the swell, the direction

of the drift of clouds, and the direction of the wind; he

should, therefore, attribute th-e irregularity in this observations

to this influence. As twin-cyclones we may also count the

hurricanes which originate on the same meridians, but diffe-
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rent latitudes, and take analogous tracks; they are not rare

in the Pacific between the Eastern and Western Carolina

Islands.

BifuFcation of cyclones. It occurs occasionally that a

cyclone in consequence of topographical conditions or for

seasons unknown may branch off like a fork and that the

two centres thus formed may take various routes; they have

accordingly become simultaneous cyclones. Such a bifurcation

occurred in the interior of Luzon in the typhoon-centre of

the 15"' and 16* of September 1894. It is possiale that here

we have the formation of a secondary cyclone. But such

bifurcations have been repeatedly noticed in which both

centres became independent, whilst in the case of the for-

mation of secondary cyclones the secondary one remains en-

closed in the body of the original cyclone.

Secondary cyclones. In the region of a cyclone small

centres with cyclonal currents may arise and influence the

isobars and divert the currents from their direction, with the

possible result that far away from the centre they still are

able to bring about damage; such centres are called secon-

dary cyclones. Typhoons of this description have been ob-

served several times in the Arbhipelago as, for instance, in

the Bay of Balayan (Batangas), when a cyclone was moving

over Central Luzon in September 1894.

Cyclones which dissolve themselves already in the

reg'ion of the Archipelago. Such a case Algue has lately

again observed during the third decade of November 1897.

17*



Fourth Section.

Winter storms or JUand storms/)

The winter storms or Land storms come from the con-

tinent and proceed towards the sea, almost always in a

direction comprised between NE. and ESE. These storms

belong to three different types.

1. At times it is an atmospheric depression, a true

well defined cyclone, with its central isobar, either circular

or more frequently elliptic, and easy to point out, round which

the pressures are arranged symmetrically, and the winds

blow in converging spirals with a regularity comparable to

that of a typhoon. These storms pass sometimes to the

North and sometimes to the South of Lake Baikal, and their

progxess, either towards the ENE., or towards the ESE., up

to the moment when they leave the coasts, can be signalled

at the ports just like that of the summer hurricanes. As a

general rule, these phenomena, on reaching the sea, increase

much in force and, out of moderate whirls, pass into violent

cyclones. Besides, in most cases, they then proceed towards

the NE. or the ENE., and their trajectory shows a point of

intlexion which makes it follow a curve with its convexit\-

turned towards the South. In some cases, unfortunately too

rare owing to want of informations, the progress of the

centre can be followed across the Pacific Ocean to the shores

of North America. Within the limits of our observation, the

') Aloys Froc. The Atmosphere in Ihe Far East during the six

colli months, its normal state, its disturbances. Shanghai Meteorological

Society, se\enth Annual Report for the year 1898. Zikawei 1901).

p. 24— 2S, p. 78—85.
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rapidity of translation of these storms was about the same

over land as over sea.

2. The second type of winter storms is far from affecting

such regular forms. It consists, in a kind of elongated atmos-

pheric depression sometimes called a V shaped depression

pretty exact idea of which may be obtained by representing

to one's self either the "thalweg" of a long narrow valley, or

the hollow between two successive Ocean waves. The minimum

is not found at one certain point or centre round which the

barometer would rise on all sides; it is also impossible to

ascribe to the body of the depression, even roughly, the

shape of an elipse, but the lowest reading is found nearly

at the same level along a line, which may attain several

hundreds of miles in length. This line itself is sometimes

straight, but more frequently curved like the edge of a gigantic

scythe, usually directed from SSW. to NNE., but subject to

many inflexions and irregularities. The whole system may

be said to be transported bodily, always from the continent

to the sea, in the same direction as the storms of the first

type, and, according to the orientation of the minimum thal-

weg, a rise of the barometer may sometimes be seen, with

a sudden shift of the wind, at the same hour, at points as

distant from each other as Foochow and Ghefoo, or Shanghai

and Chemulpo. — The rounded shape of the depression may

account for the fact, that the minimum may be seen to pass

at two towns on the coast, earlier than at a station in the

interior, situated further West, which should naturally find

itself eariier upon the path of the depression, in its progress

eastward, if the minimum stretched out along a straight line,

running from North to South.

If we consider each station in particular, what usually

happens is as follows. The fall and rise of the barometer

may have the same absolute value, but they are not pro-

duced symmetrically on both sides of the minimum. The

fall is gentle and slow, taking place by almost insensible

degress, in the same way as water falls and recedes quietly

under the influence of the tide. The rise, on the contrary,

comes on suddenly and violently in the same way as water
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rushes out of a sluice suddenly opened, or as great Ocean

waves break upon the shore during a storm. The fall is

accompanied by moderate winds, abating more and more down

to a calm, and the shift, on the greater part of the coasts

which are of any interest to the seamen, takes place slowly

through SE,, S. and SW., where the wind sometimes dies

down altogether. — The air at the same time becomes heavy

and damp, the temperature rises, often by 18° F. and more

above the mean, and it is not rare to see mist or even a

thick fog settle upon great part of the coast. As soon as

the minimum has been reached, the breeze freshens, flying

round to W. or WNW., and a dry, cold North-westerly wind

soon begins to blow which clears up the sky and brings fme

weather again, but it may wake sailing very stiff for two or

three days, and even longer. --- The rise of the barometer

and the intensity of the wind depend upon the importance

of the great Siberian maximum and upon the rapidity of its

progress forward in the wake of the depression. Having

once reached the sea, this latter frequently splits into frag-

ments which fill up on the spot, or form into separate whirl-

winds, some of which pass over the Loo-choo islands and

South of Japan, whilst the others go over Corea and the

Japan Sea in the direction of the Kurile islands.

3. The third type of disturbances is very different from

the first two, and also peculiar to winter. We have seen

that the typhoons are phenomena which propagate themselves

from the offing towards the coasts, whilst the two types of

winter storms hitherto studied proceed, on the contrary, from

the continent to the sea. The third type is of mixed origin,

being due to the meeting of two centres of activity, one of

which comes from the sea towards the coast of Asia, whilst

the other advances from the interior of the continent to seek

the Ocean. During winter the whole of the coasts of Eastern

Asia, particularly from the mouth of the Yantzekiang to that

of the River |Amur, lies upon an atmospheric slope, whose

lines of equal pressure run approximately parallel with the

shore. There is besides the immediate influence of the two

great centres of atmospheric action, viz., the great Siberian
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anticyclone whose centre usually lies over Lake Baikal, and

the no less important depression which prevails over the

North of the Pacific, under the form of a depression, stret-

ching trom the extreme point of Kamschatka to the coast of

Alaska, south of the Aleutian islands. During the month of

January there exists between these two regions a mean difference

of pressure of 1.18 ins. "When this state of things prevails

as it were under the shape of a permanent system, the

result, which is easily foreseen and confirmed by observation,

is that the breeze tlows from the high plateau of the Baikal

regions towards the deep atmospheric valley situated between

the Pacific and the Behring Sea, producing along almost the

whole extent of the coast North-westerly winds, the influence

of which is felt as far as Shanghai. But these two atmos-

pheric masses, which, owing to their differences in pressure

and density, we may almost compare to a huge mountain

and a deep valley, bear no relation to the surface of the

earth, as do the variations in terrestrial contour. For reasons

which we cannot here discuss these systems may change

their levels and their centres may move in latitude and

longitude over pretty considerable areas. Let us suppose that

the depression over the Aleutian Islands grows deeper and

moves westward so as to affect the coasts of Japan, and that

on the other hand, by a coincidence, of which every winter

furnishes some examples, the Siberian Anticyclone, after

reaching over the mean pressure (sic) is simultaneously pro-

pagated towards Manchuria and ^longolia, we should find,

with regard to the aerial fluid, an effect such as would be

produced on a great river if its source was raised to a higher

level, and at the same time were brought to a distance from

the rivers mouth half so great as the original length of

the river's course the volume of water remaining the same.

The current would increase enormously in violence, and the

quiet stream be transformed into a torrent. Such is the ex-

planation of the whole category of our winter squalls. To

give an example: In December 1898, a deep depression,

where the pressure level almost reached 29.3 ins advanced

as far as Tokio, whilst an extraordinary pressure maximum.
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31.2 ins, proceeded eastward in Siberia, and accordingly all

the coasts of the Far East experienced one of the most

violent winter squalls that have ever been recorded in the

meteorological annals of those regions.

It must be understood that the three types of winter

storms may sometimes be transformed into each other; they

may exist at the same time, either in a single district, where

their action is combined, or else coexist in different regions

in such manner as mutually to weaken their effects.

We shall divide the winter storms into four groups, the

first of which will comprise the depressions that advance to

sea, S. of the month of the Yangtsekiang; the second, those

that take to the sea between the month of the Yantzekiang

and the N. of Gulf of Pechili; the third, those that only

reach the coast in the Sea of Japan; the fourth, the long V
shaped depressions which make themselves felt at the same

time at points very distent from each other.

Number of disturbances. The 146 depressions observed

in the years 1893 to 1898 were distributed in the following

manner

Total Number Mean

October 13 2.2

November 23 3.8

December 26 4.3

January 23 3.8

February 27 4.5

iMarch 34 5.7

We may then expect to experience, every year, about

2 depressions during the month of October, 4 in November-,

Dezember and January, 4 or 5 in February, and 6 in March,

which is the month richest in disturbances, although its

squalls are far from being the most violent.

The regions most visited by centres of disturbance,

during the course of each month are shown in the following

table:

Group 1 Group 2 Group 3 Group 4

October 17 4

November 5 5 9 1
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beyond which we have no data to trace them. We may add

that not infrequently the depressions, after reaching the

environs of Tokio, turn to NE. or even to NNE. and run,

almost parallel to the coost of Nippon, towards the island

of Yezo.

We have thought it interesting to study the direction of

the trajectories, month by month, for the depressions of

groups 1 and 2, namely those which are symmetrically

distributed N. and S. of Shanghai, and offer greater facility

for being studied in detail. The result is as follows:

Depressions of groups 1 and 2.

Number of cases when the

centre was running

towards

:

ESE.



- 267 -

for the centres of storms.') The average direction of the

cirri, for the six cold months, was then as follows, the

direction being indicated by the point towards which the

clouds moved.

General Dipeetion of the Cirri: 1877—1884.

October November December January February March

N.860E. N.880E. N.86''E. N.850E. N.870E. N.89»E.

There would be no use in seeking to establish a closer

comparison between the two phenomena, particularly as this

last table only refers to a single spot, the mouth of the

Yangtsekiang, whereas, for the trajectories of storms, the mean

directions are taken over an area comprising upwards of

20 degrees of latitude and as many of longitude.

The average velocity of translation. Rev. F. Che-

valier, in the work just quoted, said: "the velocity is so

liable to differ in different cyclones that it may vary from

to 80 miles per hour. The extremes of this scale are

somewhat unfrequent, and the more usual velocity seems to

be about 30 miles per hour. Even for one and the same

cyclone, the velocity is subject to variations, and can be so

much altered, as to pass from a velocity of a few miles to

one of 30 or 40 miles."

The ^'elocity zero corresponds particularly to the two

periods of the formation of a cyclone, or of its destruction,

when it is filled up on the spot. In the cases considered

we never met with any \-elocity above 60 miles, but the

mean velocity agrees well with that indicated by Rev, F.

Chevalier.

Groups Mean velocity

1. S. of Shanghai 32.3 miles

2. From Shanghai to Tientsin . . 28.7 „

3. N. of Tientsin 32.8 „

4. Elongated depression 33.4 „

General mean 31.8

') p. JI. Dechevrens, llouvements iles couches plev^es de I'atmos-

phere n Zikawei.
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The lowest velocity recorded among our means is one

of 8 miles an hour, and the highest one of 56 miles. As

may be seen, at least within the limits of our investigation,

latitude does not seem to have any decided influence upon

the rapidity of translation of landstorms between China and

Japan; yet their velocity would seem to be reduced to a

minimum over the Yellow Sea. Let us now see whether the

different months have a more decided influence.
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Lamoks lighthouse, S. of the Channel and ENE. of Swatow,

at a point where the coast takes the westerly direction which

it follows up to the Gulf of Tonkin. To there stations we
have added the Naha Observatory in the Loochoo islands

for the purpose of studying the propagation of storms over

the Pacific.

The violence of these storms seldom reaches the inten-

sity of a true hurricane. The forces 10 and 11 of the

Beaufort scale are sometimes noted, though seldom; but

according to all accounts, instances of this violence may be

expected almost every year, at least during squalls lasting

from five to fivteen minutes or even longer. Thus, at the

NE. cape of Shantung, the force 10 was registered for 8 hours

in December 1898, and at Naha, the force 11 was main-

tained for upwards of an hour in a squall from NW.

All these storms bring out at least very strong breezes,

reaching to force 6 and, generally speaking, there are few

that, at one point or another, do not reach force 7 or 8. In

order to insure safety, the general rule may be given that,

unless unforeseen incidents should occur such as a second

depression following the flrst and lessening its force, etc.,

whenever a signal of a squall is given, although it be accom-

panied by a wind of force 6, you must be prepared to meet

a wind of force 7.

For the two extreme points oft the coast, we have

examined, we give the number of times when the various

forces of wind of the Beaufort scale were experienced on the

passage of the storms. We may add that very frequently

winds of the force 7,8 and even 9 were observed but, as

we have no means to connect them with true storms, we

must only consider them as resulting from violent but local

disturbances.

Wind of force: NE. cape of Shantung Lamocks lighthouse

7 28 times 33 times

8 15 „ 11 „

9-10 5 „ 1 „
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As for the duration of a squall in a given point, this is

exceedingly variable; it may last only two or three hours,

and may also last two or three days: it is impossible to

forecast it.

As for the direction, at Turnabout it is variably NE. to

NNE., and at Lamocks, NE. In the North and at Naha it

varies from NW. to NE; at Naha it is the NW. that predomi-

nates; at the NE. Cape, the NW; as for Steep Island it is

difficult to sav.

Frequency of Direction
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beginning of the strong wind takes place at Lamocks 19 hours

after Turnabout; in several cases however the interval did

not exceed 12 hours.

"We have been unable to set up a well defined relation

between the Shantung peninsula and the southern stations,

but a clearer result is arrived at by comparing the NE. Cape

to Naha station where, in the cases of storms running east-

ward, the squalls begin about 40 hours after starting in

Shantung.

Druck von Max Niissler, Bremen.
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ISOBARSand ISOTHERMS OF JULY ISOBARSand ISOTHERMS OF AUGUST ISOBARSand ISOTHERMS OF SEPTEMBER
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The daily Range of Pressure, Manila 1891—1895.
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The daily Range of Pressure, Toklo, 1886—1895.
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The General circulation of the Atmosphere in Manila.
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General circulation of the Atmosphere in different Latitudes.
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Typhoon of „Samar and Leyte" of the 12th October 1897.

Tracks of some Cyclones,
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II.

Typhoon of „Samar and Leyte" of the 13th October 1897. Typhoon of the 16th—I7th September 1894. „Gravina"-Typhoon of the 13th TJay 1895.
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